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Abstract of JP923811 5 

PROBLEM TO BE SOLVED: To make a plurality 
of tags to properly operate even wfien tfie tags 
independently and simultaneously respond wfien 

tfie tags exist in tfie reading field of an 
interrogator in malting communication between 
the interrogator and the tags by using an IVIBS 
system. SOLUTION: In a TDMA system, an 
interrogator 101 generates first radio signals by 
modulating first information signals on radio 
carrier signals and transmits ttie first radio signals 
to tags 102-1 to 102-N. Tfie tags 102-1 to 102-N 
generate second modulated signals by 
modulating second information signals on second 
radio signals and transmit the second modulated 
signals to the interrogator 101 by using a time 
slot system. The tags 102-1 to 102-N select the 
repeatedly transmitting times of the second 
modulated signals and the transmitting number of 
time slots of the second modulated signals after 
the first radio signals are selected. These 
selection can also be made in accordance with 
an Instruction from the interrogator 101. In one 
embodiment, the second modulated signals are 
transmitted by using modulation reflection and 
demodulated by using homodyne detection. 
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(57) [Sltl] 

oymm^^^^x. ^yTuv-9(jyw^mm>z.m.<r) 

*5gHj?teJ;STDMA7=jSl?(J:. ^>-r 

D^-^ 1 0 1 a. u 7fH^±i?ii 1 \Mmm 
0 2 ^}ifit-?)o ^ m 2 u rmi-xm 

2 'If f gfH^^gl LTH 2 Mf^^^ffM L. ^^hX 

u^yYi^^x^yTuv-^^mt^o ^m. mz 



(2) 

1 

mmmmmi 

mmm i mmm^mt^mt. 

m 2 mm-^m^^ u rft^jitcgi-r § c 1 1 j; lo 

o TH 2 ^mim^^m^m 2 tt Mt^sii^© i:. 

^n^^nofi^ L < T fe^ L < ft < T j:t.^-)g<7) 

^ ^ A X D 7 h H#rEg%5>f ij-r ^ ® ^ 

ifffH® 1 m.\mm\tm^. msa^^ ^ a x a 7 h 

mm 2 ^IIfH^%SfIt-S#©^:. 

KiiesB 2 w^immmLxmmB 2 'Bigfs^^ixnt 20 

tL. 

m^m 2 ] fffia^ >r a y- ^ ti, tgiBs 1 m\t 
fiiH c m^mmmmm Lxmmm 2 ^im 

-< ym&m\m^ n t mm t tmMm 2 ® i/xr 

Ao 

[it*«4] |fifH®2'|»ISm^^l#ISaf4ffii^7> 30 
rAo 

fi^#*liS4^-v U 7fi^±t^l-r § i: i: cfc o TififH 

m 1 MSfI^#*4fi!ct-?)#g*tL. 

mmm 1 fcisfi^^^^stfifH® 1 t»ffifi^#^siiit-§#s 
wimm 1 'If MH^^^&Mia^t-^p-i/g Ymm 40 

Ao 

mmW 1 'If Ml^^rtt- rt- F 1 J ^1^9 «fi0'>^ < 
fifH® 1 'If Ml^^^^Sfifa rt- F 1 J 

(Dmmmm'&t^^mt^m^^tmmtt^ 50 



#rwW9-2 3 8 1 1 5 

2 

7 ] Iff! y r D ^ - ^ a . 
Ifftail 2 fflff; ^7 1 - V y X ^rlsllf ?) 

fifHIl 2 WH^(^)jlfH/ ^7 1 - v y X ^Ttafa 

tctf § c i:^#ii!^:fSI»#^6 ®i/Xr Ac 

mm 1 ifism^rt I- rt^ F 2 J i: ^ mo)^ < 

iuiasi'ifMH^i*^e.|fifH rt^F2j /^y^^-^m 

mcmm 2 ^mim&Mmmi^mkmfmt^^ 
^ AX n 7 F m'mt^m tmt^ct mm t 

mm^ 2 mmmin^^y * - v y x mmt § #s 

MIBH 2 «H^®lfH/^7 vyXlcS-^-l^TtiiHH 

ic^t^ctmmttmMMS'DyxTLo 
mmmimmmc r^e^Fu fccfct; rt^F2j 

MHBifi 1 m\imfo^mm rt- f 1 j fs^n rt- f 
2j (D/^'7^~^(Dmmmt^^^^t. 

m^r. mm 1 mmm(DmmcMwm 2 
©jim*ms0i[/£it5«-r?.^^AXD7 Fi(*^^s 

t^m^tmt^ctmmttmMMdoyxT 

Ao 

[fS*iI 1 1 ] IfjfB^ >-r D ^- ^ a. 
tffHBSI 2 gflf fl^l©ffifl/^7 1 ~^yxmmt^^$^ 

luiBH 2 gufs^® jifH/ ^7 1 -^yxicm-^^^rMm 
mmt^mt^-^iiKm^ ^tmmttmm 

1 0(7)i/XrAo 

mMM 1 2 ] fifB^ y r D ^- ^ SfifB® 1 MBin 
L TMHf - ?) #® * tf - ?) ^ ttm 
MM 1 (7)i/Xr Ao 

[f»*il 1 3 ] fifB^ y r D ^~ ^ immW 1 telSfl 

mmM.Lrmi9t^m^^m^ctmmttm 

5R]S5 0i/XrAo 

1 4 ] fflB^j'^^; <t^l'Dmm. 



3 

wiMW 2 'If Mi^^rtt;:. tfifH^>S < ^ i ^(D^^^cM 
rPAMAfS^J th-'o^m(Dt^\y-i/3y::2-Y^ 

^inbtcmc. mmm 2 mmmm^mtm 
mMM 1 5 ] mm^prj: <tt^i^(D^m. r u x 

t^^o^m(Dt-^ly-iyay:2-Y^^^BLrcW: 10 

fifHIl 2 Wh^^MhL^i^ J: ^ tc-rs#©*t 

1 6] ISfH^ ^rn^-^a. 
^^TFPX. ^^3vyF\ ^^mfiyaytLX 

ttmm 3 mm^mm^^ u rmjii^rit s i: 

^mt^l^L. 20 
luta^ 3 glft^^r^ftt i: . 

mmm 3 sim^*^ e.ififH® 3 mmmmt^m 
mmm 3 Mism^?:«^t t mt ^ct mm 

mMM 1 7 ] |fifH^j'^=S: < i: 1 ^ ^a. 
fiHa^ ^'7 F ^Xlocfct>'|fifH^ ^3 x'y F®rt§?:^ 

tiiiai^soiaiitis UT. M!a'>^ < ,h 1 1 -^(T) ^ ^'a'^ 30 
7 F L/x $ nr I ^ s ^ Wif f ^ #® ^ ^ 

[«*JM1 8] IfffH^yrD^'-^a. mfBHSgP 

fH^^MHist. fifa® 1 mmmmm^p^ji < ^ 1 1 

III 6 0^>XrAo 

1 9 ] «>^; < ^ 1 ^ . 

^^T~^ts t-fiyBy(Dmmy>(-j]yYts t^'y 40 

3y®^^M7^-;VFi:^ tT'i/g yc^O^tH • 
iIIE7 ^ F }L 4 'If Igm^*4l3!c-r 

mm 4 'If U 7fl^#±t;:^lt-§ c h 

t o 4 Slfl^#*4fi!ct- ® 4 'Bf 

fifH® 1 \tmmn^^^^x\^^^\y~y 3 > 3- f;6^' 
^ f^m-^h f? ififa^>& < ^ 1 F 1^x5 
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4 

»>^< ^fe 1 oo^^'^^T F^x$n/c^^'-(?si^ 

aiuta® 4 Slfl^^^Ml L S I ^ ^ t;: f - ?) #® 
Iffta^yrD^-^a. 

mm 4 giifH^^sfHf - § #g ^ . 

lifas 4 gift sKiaii 4 'B igff ^^siit 

^;^frsc^:^#ii[^:f§l»*^l 8cOi/XrAc 

2 0 ] mmts, < i: 1 ^ ^^a. 

IfifB® 2 nm^rtl-^SnSlfifB® 2 'BISiH^i: L 
T. |fifH^yAck7^-;VFti: rtgcS^j %#tyfecD 

miasi 1 \%%m^H^'^^ti^^^\y~y^y^- f*^' 
rpAMAjs^j T'feOs M!a^J>s< ^fe lo®^^^^*^' 

7 F PX^nfc ^ ^'l:'^ 0 s Ifia^ F*^'E L < 

snTi^^.ti'&t. Miasi 2 MH^i^Mit s# 

[W*^ 2 1 ] IfifB^j'^^ < i: 1 ^ ^^a. 
IfifB® 2 r^m^rt t^snSlfflBH 2 'BlSfi^ t b 

HfiHa^^^'Ack7i'-;VFt rsSfS^j 

Mian 1 mm'4-n^A-s.rv^t<\y-yay^- f*^' 
rpAMAS^j •r-g.Os taia^>§< hfe 10® 
^ F ^x^nfc^ ^"-r-si^*^ t /catfifa^ X' 

> F*^~iE L < ^ff SnTl^^l^^^to. Mian 2 Ml 
8<Di/XrAo 

[t»*iM 2 2 ] IfifB^ y r D '^'^ ^ a. 
|fifB^^7-3vyFrtlC3x'yF rifftj *#i6S#IS* 

|il!a'>^< loo^^^^'a. 
luHa^^'^ax'yFrttclfifanx'yF r^«j ^smtfc 

iffta® 1 te^m^c^miii-. ifftan 1 rn^mnz.-^ 

SnSlfftan 1 'lflSm^rtle:#Sla?.t-^L/-^>3 >3 

-Yif^^yY rpAMAjS^i7iJ7j 

ififaifi 2 m^moymtmm^^i'khm-^^ ^ t 
mmttumm 1 7 ©v-xt^Ao 

[fSjRiI 2 3] Ifjfa^ ^ r- ^ a. |fifa^>S < i: 1 

o^S^^AXD-y Fi[*#?yi: i: ^i-r§li#]S 1 
9®i/XrAo 

[|»*^ 2 4 ] fifa^j'^^g; < i: fe 1 ^tCfeV^Ts 

mtan 2 mim^mm^^ tc mmm 4 'f f gm^^si 

#®(^. ffta^yrn^-^^mt-?) CWfi^^OSl 
Si^*fJffl-f-Si:i:*#i(^t-?)»Ii 9 0^>xr 

Ao 

limm 2 5 ] fifa^' > r n ^- ^ OlSl#® a * t 

y itfi^^M-r s tt^ tmm 2 4 o ^> 

XxAo 

[fliRal 2 6 ] fiia^j'^^; < 1 ^'tc$50^T. 
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mmm 2 -it igm^r^#ssfcaififH^ 4 Mism^n 
mii.. Mm^yT-v^^-^mi^t^cmmm 10 

Si^*«ffl-r?)i:^%#ll^t§Wl2 i©i/Xr 

Ao 

[Iijj<il2 9] tfifa^>rD^-^(DfMl#Sa*t 

^v^i^fi^^ijffl-ri) c tmmttmtm2 & ny 

mWn. 3 0] ^1 liMH^^'>;& < ^1 1 00 ^ ^' 

^mt ^mmt^^yy-u^^-^ ^^mmmin 

mmw 1 mmm^mt ^mt. 20 

® 2 ■mmmtmmy^^ v 7±Kmt^ c t 

Mmm 2 ^mmmm ^mt^^b. 

mi^yTU^'-^li. 30 

mmw 2 mmmmLzmmm 2 mmmmt 

3 1 ] iiiiB^ yTU^~^mmmiit^=E 

^'^ym&mmt^ctmwitt^m>m3Q(Diy 

XrAo 

[WIS 2] ifffa^yf-D^-^tt. 
® 1 mimmm^^ u /fi^^te^it-^ c ^ t ^ 

wimm 1 »ji{H^*^>& < i: 1 ^Ajiff-r 40 

»>^<i:felO(7)^^^a. 

fiia^ 1 mmm^mt^mt. 

mm^ 1 teS€^*^p>iiiia^ 1 mmmmt^mk 

t. 

mmm 1 mimrmt^^^ ^ 5 {-#-r § c ^ 
mmttmmm3oo)yxTLo 

mMM 3 3 ] |fifa^>& < ^ 1 00 ^ ^'a. fifHS 



5]<II3 2 0^>XrAo 

[!S*iI 3 4 ] fifH^ y^r D ^ o^mn^m rV 
3 O0^>X-fAo 

[f»*JS35] ^yrn^-^ii. ^>S< ife 100 
^^'i:*^S>S?)4s||jlfl^>XTAti:fet,^T. 

® 2 mmmtmmr^^ v r^mmt^ c t 
K^-D r^m^y^ u 7^4s)ct t . 

7fH^J:tc^l-ri) i: ^: t j; o 2 MM^?:4^t 



mmm 1 te^m^cMii-. msssc®^^AXD-y > 

|fifHll2gim^*. M^^AXD7><DmSi[ 

u 

mm^y^rjf-^mibic^ 

mmm 2 mmmmm^^^^t. 

m$i^ 2 ^1 fi^^^iii LTfifHifi 2 mimmm 

rAo 

[f»*«3 6] mm^y7-uf~^<D'mmmt^^ 

9^^ymm%mt^^hmmhtmmM3 5(d^> 

X-rAo 

mMM3 5(7)i/XrAo 

{$mm 3 8 ] fifH^ y^u^-^ (DUm^mi rV 
3 SOi/X-rAo 

[If *a 3 9] HI fcSff ^^^l'^* < ^1 1 ^ ^ 



(5) 
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mmm 1 mmmmm^mt. 
t. 

m 2 •mmmtmj^ii.mm±mmt^ ctK^ 

mRmm^r. wimmmmmmmm i mma 
^mm^^ V 7mm±Kmt^ c tKi^-^rm lo 

Mmm 2 mmmint^mtmu 

mmm 2 ^mmmm^m^ t . 

® 1 mmmm^^ u 7m±mmt^ ctK^ 
oTifffan 1 mmm^^f^t^^m-^^K^u 20 

ifffHii 1 If fg{H^%«^-r§#®h. 

mMM3 9cD^>XrAo 

^'^ymmmm^ c tmmttumms 9 (Dy 

Xf-Ao 30 
4 2 ] ffifa'>^; < ^ 1 ^ ^'ti:. 7 >-f 

4 3 ] |iilBS*tmg{b#|gS. F 

?)i:^*#ll^t-?)WM4 2aD^>Xf-Ao 

4 4] mi mmm^'p^j: <tt.i^(D^^' 

mm'P^si ^t^i-DO)^ 40 
fiia^ 1 te®€^?:SmtS#Si:. 

tei^i?^® -fe 7 h ® ^ ® 1 -DCD^m-^m t . 

t. 

m 2 \mmmtmmm.m±-\^mit^ ctKi. 
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^^AXD7 ht;:B#rE§*5>fiJt-?)#®^. 

u 

mm^yy-uv-m. 

mm 2 ^mm-^^m s #g ^ . 

ififH® 2 mmmm Lxmm 2 mmmmnt 

mm^m-^^\^m^^tm%.tt^. mm 

mt<m 4 5 ] fifH^ yTuf-m.mi mm 
'J nmi.Kmit^^tKi^'DXmm 1 

t. 

ififHil 1 mmmmm':5\^'x. mmmm^ 
mmn 4 6 ] mm^ yru ^ mmm^\t * t 

9'^yWimmmt^c}imWttUttMAA(D'y 
4 4CDi/XrAo 

[f»*iM4 8] ^yrD^-^i:. ^j.^^< hfe locD 

^^*^:*^6^?.MgffifI^>XrAlcfcO^T. 

luHBH 1 mmmmm^pr^i < i: 1 1 ^^nmh-t 

IfifH^ 1 *Sm^*Sm-r?.#ISi:. 

^mm\m\^x. n 2 it igfi^^rMtHH 1 mim(o 

mm'>^6^<.t^i'D(D^m\^fs^ti^7yTi-(Dm 

mm2^m\m^mmt^m^t^Mu 

mm^yTuv-m-^^K. 

wim2mm^mt^mmt^^tmmt 

t^. mmmmy^T-Lo 

mMM 4 9 ] mmmmmitmii. t~ f 

[!S*iI 5 0 ] fifH^ yf- D ^- ^ a. fifHIl 2 SI 

^IM^^MTS ^ il*#li[i:f- 
Sfl*3l4 8(5)^>XrAo 
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mmn 5 1 ] ifftH^ yrn^-^s. m 1 •mam 
t. 

Mm4 8(Diyx7-Ao 10 

[W*II 5 2] ^ yTU^—^ t. < h 1 OCT) 

ifffHig 1 mmmm^m <^tt>i ^(D^y^^mm 

mmm 1 teem^*^e.ififH® 1 'i»ism^?:«its#s 20 
t. 

mmW 1 1*ffifI^*«^LT. 'prj: < h 1 o®t-^L/ 
- ^> g > 3 - F ^: ^ t T^i/ g y(Dma^^y ^ ^ 

^mKmrn^r. mmt^u~y b y::i~¥(DiHmc 
cfcoT. feL<a. t^^taiI/)^/^^^-^(^rt§tcfco so 

S il i: cfc o 2 ^im^?:4fiSct 2 

fifH® 2 sifi^?*fMi bTMHan 2 mimmm 

[i»*ipi5 3] mm^yTU^-^mmm^iit^^E 40 
^'-fymmmt^ntmmttmMmszcDiy 

mim 5 4 ] fiia^ 2 mmm^mt^^ 

5 5] ^ y r D ^- ^ ©lillfl^^SfH-r § 
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[0001] 

\mL. ^mmmm^^kmwm.^'y7sTh 

[0 0 0 2] 

[t*^*®Sffi] m.n'mmm (Radio Frequency Iden 
tification, RF I D) 'yXTMi. ft*. 

0Hi4ti®iiBij^jia®fcJ6icffli^e.nT0^Sc rf i 

]Mtt^WBM{ty7.rLl:h^o RF I D^>XrAO 

So RF I Di/XrA-ea. ^yrn'^'-^t«te|| 

tSc {ShA.ifCD^^. ^(Djl^fiBf^^fijra (Time-D 
ivision Duplex, TDD) $fca4^^S*ii^*ffll^So 

f fc. ^mm^^mmo 8/492, 17 4^it!a«$ 

nri^S-fc^t. (Full Duplex, FD) TaS^fe 

^yrD'^-^aaMS (Continuous-Wave, CW) * 

m^-^ ^ ^o^(Dm mmm (Modu 

lated Backscattering, MBS) ?:ffll/^T^<DCW^^ 
Milt So ^(D^^. /^rta. ^im^t^cfco 
T. rifU «j '\«MWlc«D#x.5.nSo 
[0 0 0 3] 

mmm\^ Lcfc9^ltSlll]MBS TaSe^tMSffi 

*il#ftlfl 4 , 0 7 5, 6 3 2 ^fe J: tfH 4 , 
3 6 0, 8 1 O^tCiaS^nTl^So MB S7iSa-|S 

?:?ML. ^^^^e.^yrD'f-^^cDlfHtotiMB S 

C^i^'^-etSo MBSi/X-rAS. /yf-D^-^OM 

IX 0 iiisiKiii<;cD^ ^'mm ^t^\c]EL<. mm s 

;\ XD7>ft7DA) o «it®^^*^m 
li:;b^o^m^e^tS^^t^:M B S ^>Xr A*^'IEL < ii 

[0 0 0 4] 

WAm^ii^m (TDMA) raMSjifl^^XrAa. 
oTS 1 <D{m (H 1 ftSfH^) *l85^-f-S / D^- 



11 

2 Wl^#?:MM LTMf-r^t *^%^^*n 

§) , *56B^6Dgij6Dlllf?ija. '^lSlt*ffll^Tlg2'^ 

%mMmmh\^immim^ixkm (fdma) r 

^1 T DM AS?:ia^^i^felJfciTL0^77'D-^fe^;i$ 

^Tzmm (CDMA) rlte|llft^>Xri.fe*S^n 
So CDMAffiilTDMAS^rll^^^^-lifcif 20 

m 2 Ifffifl^Cr-^ ^- h WmiC'Si&^X. ^ 
[000 5] 

MO^SIOMI] RF I D>^XrA7:/U'^-i/3 

n^(D7'f')'T~iy3y\t. IMDiiiitfuBb^S^ so 

cfc ^ ^9 ^ - ^ < S§ § „ f?IJ;i 

a\ h^mm<^7-f')'r~'y^y\t. rf iDSft^^ 

*^6(7)'ffW^*®So i:<7)77'U':r-i/3yea. 3 

T) ^ > r □ OIM D ffiil^^lSt;] o miif S : 

/cJ5. R F I D^>XrAt^:a. h^^+f' ^'^>3 >';6WA 
t"?)/ci6tcl6nfcB#fgL;6^^^6n^0\ i:cD7^y 40 
'^r-i/ g y-ea. ^ ^^aM® 0 TS# 1 0 ^ 

a, ^y7-uV~^t'^5^~y)V(DmmmB(Dwm 

- ^ S ^ y r D ^- ^ OlffiO.if S filSlgSgcDfr 
iJaSOg) X'h^o C(D\XUX\t. #^^'t(7)RF I 

Djifia,f]o. 2mx\H\^%jLmmm^r^i,^o s 
fc. i:o77°u^-^>3>'Tii. -ittc. nmmM'o 
mich^^mmm (i~2« o^^-efeSo 

[00 0 6] fe^ I 00)7^^1; ^-i/3>»^ RF I 50 
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(fc^?><a^^ls#i~2><-h;W TMfSo L 
;b^U e07^U^-i/ 3 ilirxOffiMt;:^^^};: 

ioooi^ ^<r>7'f^)'r-i^^yx\is rfid^^' 

itT.-f^-^-'T y h (Dm(Dt^x(DSim^m '0 m 6 

OpMtASC^^^'feSo 

[0 0 0 8] ftii®RF I D^>X-fA®7:/U^-^>3>' 

Tii:. ^^'tK ^^-Yiyi^^t-ot^^^imxmwt 

-9- ^ h 1 1, til a . y U y ^ h 7 7 y U > ^ ® r 

So cnp>cD7:^u^-'>3 yofija*a#!taiSi^o 

8/5 0 4, 1 8 8^tIBt*nTl^§o ^0^%mW^ 

wtMc^h-n:\'Wyo\^}i\.xmi^x\x^^^o 

[0 0 0 9] 'd-oX. Wm-Wm. -ISOR F I D 

yy^Thmw en?)«^^$**&7^u^-^>3>* 
■9-4^->tSi:i: m[mc^ S cfc ^ ^ 7 L/^ $^ If y r Y 
^riiffttSRF I D^^XrA^^^i-rSCtT-feSo e 
n^^IitSfcfe. *f«PI®RF I D/XrAa. EM 

7 7 7° 'J y ^ -cftf'p-r s si^s^^ijffl-r s o 

[0 0 10] *5«0i5Kcfcna\ 3-3tDS;g;§^^g||73 
i^. -r§l3^3. Br7>|iJ^^SM (TDMA) . JirM^^ 
ly^TtSM (FDMA) . *3cfcr>W^5>fiJ^7tSI« (C 
DMA) ®a-^®fiS®fe(D^ffll^TMBS^>XrA(D 
77^U y^^D >3;Vfccfct>V-^7:4— vyX/b^'B5[#$ 

nso ^^*^~^''^y'ry^*^ssm-rs'!fig{*. ^'f 

[0 0 1 1] HI a. *ig0i5®3ifflWi5fsoti:^i!§ 

^RF I Di/XrA<7)||SfifJO^f*7D7^'g|T-SSc 

RF I D^yrD^-^^ 1 0 1 \mmm.mm^xwi 

ay^ff (10 2-1) ~^^'N (10 2- 

N) . -isici 0 2 -e/i^t) mm^. 9^y')y'y 
1 0 3 \t-mmm^mmxh o . ^ ^ i o 2 

MLT. ^'i^'l 0 2*^V>TD^-^ 1 0 1 tCjM-f-^t 
777°'ry^fH^?l 0 5tCOl^T^^fSo 777°Uy 
'y{tm 0 5ttMB S?:F[5i^Si:^t^:j;oT^>'rD^~ 
1 0 i^Mi^nSo 777°uy^fi^#i 0 sop 

ffltii-oi^TtiflxE-rSo B&gfna\ ^yrn^-^l 
0 1 a. 9'^y^)y'y{m\ o 3*MHL/clit;:. cw 

ft^# 1 0 4 1 0 2 ^Mf f So MBS *fflt/^T. 
^^'1 0 2a;iOCWfl^#l 0 4^giiL^>-rD^- 
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^ 1 0 i^mt^tij'^'^^^^o 
[0 0 1 2] H 2 a. E'DXoic^'^yvyi'iim o 

-3^ 1 0 1 }L0^wm%m^^}:.mmr^-^^^}:.'^ 
feSo 9tiy')y':>m\t. ^ffl7^-;VF2 0 k t 

7°^>gycD:t^3-F (:t^P-->3 ^n-F) 2 0 
2. ^^^>3y®t-FW^i^>^^2 0 3. tT'i/ 
gycDt-F2^y>>>-^f2 0 4. fccfct>'^®ffi®t 

3 ya^^- F^ y (§Jx.{J 2 o 5 ) 10 

^3-F2 0 2aCi:c-aSiJ«7 Y-;bK^LTiSoT 
l^?)o L;i)^L. t-^3-F2 0 2li:$c,{c-|S6gc-fe 
?,o F 2 0 2 a. ^'7 > U > ^fS^I 1 0 3 

®gP5>i:aSiJ®7^-;l/ F^c$,?,i^:^g^iftl\ i?iJ;t«\ 
t^3-F2 0 2(i. ^ffl7^-;VF2 0 UilM^^n 

6ns If 7 F Ftcffli^ e-ns If 7 F MScD 

2*^'i:(Dtg^tf^y F^iJ^SfHbfcia^. H'7Mi.-JjtJJ*vJ 20 

fiic^ns (cna^li7Y-;bF2 0 i«[i^ir-jc-fei)) 

F2 0 2^1fl-rr?.Ci;*^'c-t?.o $bt, ipj/j<i;i%t 
^3-F2 0 2ti^^'>g>t?fe§o f^fe-^s tM® 

;P F 2 0 1 ^miTc 1 1 tc-gcDTarST'JlS^t S * 9 

n S ® t S ^ nJfgT'fe § o 
[0 013] ^^7^-;VF2 0 UcXoX. mM'om 

m(D^ 9ti y u y 1 0 3 ^(Ti If 7 F mm 

mm^o i:<7)7^-;VFS-l5ti:S«if 7 F/^^- 

rker|?^#*jI?>i:^T'feSo t-^3-F2 0 2«. 0i!^ 

><-^T-fe?)o *a#!t(±SliSO 8/4 8 2, 1 7 3^§ 
^ ^>6077 7°U y ^fH^?t- 2 -30f]ftt- F 

F2 0 2S. ^9\^2\-C^ $^^^&77^Uy^m 

^i-1 0 sc^^.oi^-ffL^ffli^^^t^^^jlJp-rSo -t 

-Fl (2 0 3) *3j;a^'t-F2 (2 0 4) cD^-y-fe- 
/a. ^^'t;:. #S077 7°Uy^fI^l 0 5t-Ftc 

[0 0 14] [B#5>fiJ^SgM (TDMA) ] fM^n 
?)||fefig6^^;^7tSM73j£tiTDMAT-feSo TDM 
AT1i. ^'7yyy^fH^l 0 3aM®i57^'-;VFrt 
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^^xh^hms^'^o 9tiy^)y>ym\^zo:>'(A 

tc. ^^'1 0 2a7-y-/yy^fH^?l 0 StCcfcoTiS^ 

-rsi:^*^'-?-*?)o ¥M7DA^LT5;p6n?)*TOS 

7^?£T'a. ^ 1 0 2 a. y U y ^'fl^i- 1 0 3 Oli 
)\}L\^^^mim^M. RF I Di/XrAa^~7yU 

y':>m\^z<j:>''mnm.mz(j^i.^\mmifs.^^ 
t^^ij^nso ^i^'^5'>f.(Dis^(D77:/u 

>^{I^#10 5 (iltDfS^^^^^'liS^ (3 0 1) 

9c^t-r?)o ) a^^AXD7F3-?-sfi$n?)o ^ 
^AXD7 F 1 \i. 9-^y'} yyim 1 0 3*^'Sfi$n 

S^^AXD7 FT'feSo ®2^^>6cDjS^(D7y7° 
■Jy^fH^ll 0 5 {^^^2]m (3 0 2) ill^^o ) 

^^Axn7 F5t?sm$ni)c ^^Axny 

F7-ea. ^^3JS^ (30 3) }L^9^m (30 

4) *TOhfesm$nTi^So cn* wj 

(3 0 3) $3j:tf^^"4£^ (3 0 4) ©l^fn^fc^y 

TD^-^ 1 0 ncj;oTEL<asfi$n§i^i:hic 

[0 0 15] CcDfpll^M^tS/cfe. *5gBaicj;o 

f^^)7Xi)\^jmm, (Poly AlohaMultiple Access, 
PAMA) a*?j^58$nfco PAMA®0tJ?:04te:^ 
to ilOHtCtJs r277Ft7l 2J PAMA*^Vi^$ 

tlTl^So r277F^7l 2J ^aOTOilh^lft 
-rSo ^"7>'J>^fl^^4 1 0ai!IXf5 7^'-;VFrt® 

-r ^ /7A}Mfi $ n § o ci CD 7 -fe - 6 ® 

-r^TcD^^7*t^ r277F^7"l 2J PAMA^FBl^ 

fu'-j-f^)y'7m\ 0 5-ejs^-r§cfc9^^-rSo f 

fs.h^. t^3-F2 0 2(J;. H^/i^WA^BiliW*>lc*>*> 

PAMA^rfflO^S'^tilh^^U t^Fl 
(2 0 3) \2\ t-F2 (2 0 

4) /^^Tt-^a ri 2j T-fe§o ?il-f-^t.i>i?fe?) 

*\ H4cD^"7>"J>'^'fl^|4 lOOjIfm ^yf-D 
1 0 1 acwfl^|4 1 1 ?:jIflL. ^'yX Q2iS^ 
^cDCWfi^^4 1 l^^lf?)^^fet^:SK6^t^:^>r 
p^-^ 1 0 n^Si^f ?)j;5t^:f ?)o ii^LT. 
^'^'JS^ 4 0 1 ) a. CW{H^4 1 1 0^1$ 

nfcSit^rStc i:cr)*S*^lMitS(Modulated Bac 
kscatter)i:l/^5o *B^ffl«OS0®S^-ea. 
tlS^t.i>T'fe?)*^ CWfH^54 1 1 
y7fI^5i:LTfe?M$n?)o h^\^\t. WAV^^'O. 
^^ligij^ 0*114^ U 7fl^#5g4§g*tt-?) h m 

[0 0 16] PAMAT-a. nmt^^ L7.Uy\-\C'7^ 
0 Hi. 1 ^^AXD-y FOItrEgF*3tC^'7yy >^fB^ 
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j^mmnmibti o a . §? l i ^ ^ t mm 
mmmmm-^^^o ) ^-f2;^7><-^ 

<Di§^lil 2) a. ^^1 OZ^^'^'-^yUy^M^ (0IJ 10 

^{f4 1 0) ^SfHLfcli. ::^®t-F2 (tr^b^l 

zimmmnm) ^^Lxu^Ymc^-vi (-r* 

t5-52f@cD) /-y^U^^ff^i-l 0 5fS§* (MBS* 

i66nTi/^Sfci6. ^^^1 0 2SCcD^^AXn7 h* 

2f@£D^d'AXD>y FcD'5*.®l/^frLCD2ffl^ffll/^T7 

So 20 
[0017] l;,iLl c-a. 1 K 2 0 2 li P A M A 

F 2 0 2 lity'i/ 3 >(7)/^7 7^-^ "CS ^ . m^ii 

M^nSilhfefeSo t*^oT. ^'-^yUy^m^l 0 3 
tt^ ^ffi7^-;VF2 0 K t-Fl (2 0 3);-^7>< 

fe<fcr>'^-F2 (2 0 4) ;^9^-^*#C*^ 
0jl'j<l'l%t-^rJ-F2 0 2*#S^l\ ^l^^nltgtt*'^ 
fe§o ilOii^^ t^3-F2 0 2t*. yTsT-Lmmc 
^oZ. r^®^'7>U>^fH^l 0 S^SfHt-^f^ 30 
TcD^f^'l 02a (t-Fl) 77Ft7" (t-F2) 
PAMA73i*:*ffll/^T77:^'J>^7fl^l OSZfb^t 

CiDiioKs ^^3-F2 0 2aBi^Wi:&§o L*^ 

ic^i;'l 0 2t;:^^L/ci^cfc9^±§-&t^a. m^^ffJ^^t 
^n-F2 0 2;i)^^i5gt:&?)o 

[0 0 18] f^oT. PAMAa. ^^^yyvy^inm 
0 3tj;oT?*S$rL?.Bl^o rt-Fij fe<J:tf rt 40 
-F2J ®;^7><-^*^§ts<fc^i--ISft$n. $ 

F 3;v^^ffl-rs ^*nItgf^•r§-)l§«73S*«l3!c-r 
§o PAMAa^St;:. ^'^yvy^miosic^-D 
r. ^^'1 0 2t;:)ftLT. 777Uy^fI^l 0 5i:m 
e.rL/cr-^^. #^^AXD7 Ft^:j;oTi^i6e.rL?) 
B#rE§®fi$ S Emm ^ t;:^^t- S i: ^ * nJtgfe 

t^^oic-mitin^^o cm. H2®^'7yyy^ 

ff^i 1 0 3*^0Sgffi^LT^?'7^yy y^ft^i 1 0 3 
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[0 0 19] rt-F 1 J *3j;a^' rt-F2j 

AoTt/c^^'l 0 2;i)^~fei3^ ^^'1 0 2 Ot^ji 
t;:l^i)LT!/^&l^R F I D77°U^-^>3>'S^ 
rt-F2j /^^^-^^ffll^So f^t^^^ 777°U 
y^im 1 0 5 (DH#rE§FEgl*£ltT. cfc 0 ^ < ®7 7 7° 

nlt^-efeSo M®07^-;VFrt®^^l 0 2*^>>;S; 
< . ^ y 1 0 2 ^ItJit^SlLTV^?. R F I D 7^>J '^r 

tr^h^. yym 1 0 5 *^'i:tix r^rttc 

§fHSnSj:^tf Sil^t^lcfcO. ^^'1 0 2*l%St 

glca-i*X i: i: fete, rt^ f 2 j ©SK^nfcffit;:* 

[0020] PAMA?i®!t^l -3©fJ*^^tf|{0^t 
§0 ^yf-D^-^ 1 0 1 \t. t'ft£(7)^^AXD7 Fffi 
t§«SnS777'J >^/f,nv' 1 0 5(7)ft^3Mfej:t>' 

^®^;^AXU7 Ff*l'eIfiO$^4iSo±i^^ 
^Mo^^'i 0 2*^'^n^"n^(D^^i.xP7 Frt-^-7 

-y^Uy^m^l 0 5?:5imLfci:JlfltS®*^'^a6^ 
■efeSc ^(Dm*^-acD^?^'i.Xn7Fte^/coT« 

Itc^feetSif^. rt- F 1 J feckt^' rt- F 2 J (D 
nfitDiB^'^-y-.-K- F -r § c ^1 t § cfc f? ^ < ® ^ 
1 0 2 7 FrtKfe?> ^:Sfit§®*^'^a 
^•^■$.§0 -fyrD^"-^ 1 0 1 \l9t)y^} 

y^fH^i 0 3K$5i^T rt-Fij $3j;tf rt-F 
2 J ®;^5^-^*^Mf Si:i:*^~i:-tSo ^®±i^a 
fc^e.<. M®07^-;VFrt®^^te:>PtLT. 7y^ 

yy^m^i 0 5H^L<7)r^cD^^i.xD7 Frw5(* 

^t<-r?. (T^i^^;. rt-F2j Mnf-?)) j;^ 

ttHI^K cfc o T^7>*^ § c: ^ T-fe ?) rt- F 1 J 

AMATiSa^ Mirx07^'-;VFrtO^^^'l 0 2(Dit(D 

[0 0 2 1] JiHHCPAMA^Sa^ ^yrD'f-^ 
(10 1) *^~=ivyFS?)l/^ar-^*#g(D^^l 0 

F 2 0 2 a. 1 0 2 ICMLX. JiHH® 
cfc 9 p A M A 73 S^ffl I g aoiiHiJ#^#t;: J; 0 iS^ 

F2 0 2a. ^^'1 0 2ti:MLT. m&iat&nM^ 

■^yy-ti^-^ 1 0 1 a. Wm<07^-)lY\H(Dt^T 
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u y^{t^ 5 1 0 rtot^n- F 2 0 2 a. -r^To^ 

^'102 t;:)ftLT. i^O^^'^y U y ^fl^ 5 2 0 *SfH 
f?)ST-|MX (UXy) L. ^^^'JS^ (f?ij^{f4 0 1) 

0 1 a. jifiLfct.«cD^^'i 0 2<J^mm^^m 

^^^TFbX (50 1) ^Mf-rSo ^^TFPX50 

^^^=ivyF5 0 2*^'^^i 0 2^51 e>n 

§<, ^^3'7yF5 0 2a. ^^TD'^*-^ 1 0 1*^~^ 

m9\ 0 2^^:||^f•r§<fc9^l^LTl^§i)ft*/^^•ro lo 

i^t;:. t-f'y^y^hm. ^^r-^ 5 0 3AW>r 

D^-^ 1 0 ncj:oT^^'i 0 2{c}ic,rL^o ii^^t 

7° i/ 3 > ® 7 ^' - F a ^ ^ > r D y - ^ c i^' 1 

l^r-3^?:#t?o BI5-etJ. i^T F 5 0 ittilfi 
fc2iI0^^AXO7 F^SL. ^^3VyF5 0 2S 
Mi:iffl©^^AXD7F?:SL. ^^r-^5 0 3 
(ilft 2 f@£D ^ ^ A X n 7 F § 9 1 /T^$ nr 

^©HScii. cn?>(D30®}SfH (5 0 K 5 0 2. 20 
S/casOS) cD^n^'ntgfSBfr^cDS^ti:. 05 

I L /c ^ ^ A X D 7 F <9 ^ I > *> I ^ t> 
feOffSo UlC^-rAXD-yFIl i:tlP> 
0lfl®9*.®-gPt/'cS^gP (5 0 K 5 0 2. t/c 
a 5 0 3) ?:¥-®^^AXD7 FrtWf ^ hlS^-^^ 
^fi^ZoMl. l^^AXD<yF<7)fi$. ^'-^yU^^ 
©r-^l^-F. ^nScD^JMfS (5 0 1. 5 0 2. f 
/ca5 0 3) (DH'7FS^^'tft^pt-^o S/c. H5t 
fel^T. ^'•>>Uy^fH^5 1 0. ^^'7F^X5 0 
K ^^'3V>'F5 0 2. *5cfct>'^^x-^ 5 0 3(D-5 30 
^ O-gP S /c tt^gP^i^i-© ^ ^ A X □ 7 F K ilfHf 

n7F®fi$. 5imt'^*#7^-;VF®lf7FISc. 
J; t;^''^ y y y ^ ® If 7 F F & if cfc o T^S^n 

So 

[0 0 2 2] f^oT. ffg^^^'l 0 2t^^bT. SS 
i)ff*3j;t>'^0^^'l 0 2 5H«#£(Dx-^^#ty!fS 
0><7^-i>^*}I?)i:^*'''nItgl?S?)o CCl?. Bj^e.*^ 
Sci^t^:. lIXCi^^'l 0 2^0jlfH?:BI5©^d'AX 
D7F2~7 0iafgrttcm^|#?,iSi:tc. 9'^y^)y'7 40 
r-^fEjIL/- F < . JI^ ( 5 0 K 5 0 
2. I3j;tf5 0 3) ^<7)'l»ISlf7Fi[*^~+^MN$0^« 
^tca. yDF3;mjA?iLT. Sit®^^10 2jb\ 
$3 j; t> r- ^ 7 -fe-i^'^git 

[0 0 2 3] g|50^^AXD7 F 8tC$5l^T. 
D ^- ^ a ^"'^ y U y ^ 5 2 0 ^Mlf - o ^'-^ > 
Uy^fl^?5 2 0tt. M®07^-;VFrtO-r^TO^ 

1 0 2 tc. g aoiigij#^tc j; 0 js^-r s cfc ^ s*-r 
^^hmm^h-^o fesoHi. ^yrD')^--^ 10 1 50 
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^^TFlyX5 0 K ;5?^'nv>F5 0 2:&H?:'JX>' 
-r?) j:^S*t"?)^°'>yUy^fI^?5 2 O^Mlf 
<ht^ijH^T-fe?)o ^yfxiff-^i 0 i;i)^ HO 

0 2^3V>FfeSlHir-^*}IflL/£:l^ii 

[0 0 2 4] ^^rn'^*-^ 1 0 1 ;()^ ^^TF^X5 
OK ^;5^3'7yF5 0 2&H%3IfHb/ci:ffiSU $ 

^^3x'yF5 0 2^CcfcoT^^nsi)mi^ % 
1 0 2 - 1 (^jx.a\ ^^^T-^? 

5 0 3 7^'-;FFrtt^:3lfl^n/£:r-^%fH'li-r?)) % 

0 l^r-^^fiiM-fSc^^^^'i 0 2-1 t^:)r^LT 

2-1 a. ticDnvyF^SfH^DfiiciA (t^l^-^. 3V 
y F^^^IE^-efeofci: 7-fe-i>~^ft*^^^D& < S 
m^nfcch. 3vyF«D^tf*Wi]L/ci:t^;a ^ 

><7-b->>~0§fH0s!ciMs ^y-fD^-^ 1 0 1 a. 
^^^"1 0 2- l%^t?-r^T0^^"l 0 2t>r^LT. 7 
7 7°'J > ^ff ^ 1 0 5 Xm<r) P A M AT^S^ffll^TjS 
^-r«>j;9#^tl>fe^ 10CD^''>>iJ>^fl^l 0 3 

^jifif So ^'fiQi-wi. 7v'f'}y'7m\^ 

5rtlC^ |fi®><7-fe^i>^®^WA?:^t^^Ack6 0 
4 (Plfflaiij^) ?:#i6?.o 1 0 2 - 1 A'imfD^ 7 

v>F5 0 2^||tT-r?.i:^*'^^-t^l^±i^. ^^^1 0 
2-ltt. ^(^^^'\ 0 2*^'fIcD><7^2-i>^ti:S-5X7 
^^>3>'^LTi^^t/^i:ii?:/T^-r^Ji'lck6 0 4?r#i? 
77 7°'Jyi'fH^ll 0 5^jMfH-rSo fflO-r^T®^^' 

1 0 2feS/c. M®^7-b-i>"{cS-5X7^^>3>^L 
T 0 ^ ^ 0 ^ il i: ?:^t ^ ^Ack 6 0 4 7 7 ^ y > ^ 
^^10 5?:. PAMA^^S^ffll^TjIfttSc il^L 

ilC^S-ea. ^f^l0 2-ia. 
tilWLTtSJS^L. jl^®PAMA^S*?j|^$n 

So 

[0 0 2 5] J:fa<7)P AMAT^Sa. ^^'10 2*^ ^ 
(f?ij^(f4 0 1) ^T-jltlfS^fS^tOr-^^ 

^1 0 2tt#ScD^^7FL/X5 0 K ^^3VyF5 

0 2 . ^mt'l'y 3 ^^r-^^ 5 0 3 Mif"?) 

i!®f37^'-;FFrtoif@o^^\ 11X0^^; feSi^ 
a-r^T(7)^^^'l 0 2^#S®^^'3V>'F5 0 2?:}! 

Mc^v^m-^^^hmt^xh^.. ^^TF 1^x5 0 

17^-;VFS. i!®07^-;^FrtOl^iO^^' (fj 
x{fl02-i) ^JgSfSiiiifeBltgT-feOs feSv^ 
a. 0 7 ^' FrtOSicO^ ^'102 (i^Jxff . 
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2) *fgS-f-?)i:^fenItg-(?fel)o Sfc. ^^TFL^X 
50 la. fMXi3 7^'-;l/Frt®-r^T®^^~l 0 2* 

7F^X5 0 1 icii-oXrcTcl^O)^^" 0 2- 

1) *^~fgS$nfc^:€StSo il^LT. ilOD^^lO 
2-1 a. ^^3VyF5 0 2li:cfcoT^$nSi)ft* 

[0 0 2 6] m<jyn'&(}^mmMmz.'D\^^xwm 

S/ca6. K6®Afcj;t>'Bt. ^^JS^ (m{?4 0 10 

K 4 0 2:5:^') ^r^'cDcfc ^ {C7*-V>y FfS 

PAMAiS^T-^fflf §777°U>^fM^#l 0 
to i:07t-V7FS^ iKO^f^^'l 0 2*^^^:5^TF^ 
X50 1 7^-;VFti:c}:oTWIi{i:7Fl-x$nTi^^ 

1 0 2*^~^^7FL/X5 0 17^'-;VFlC<fcoTJi(|filC 

7FPx$n/c*\ Me./&^®a*-e {m<^^^\^) c 

O^^fl 0 2a^^nvyF5 0 2(7)*tftC)SiAL**^ 
o/c±i^lcfe^ffi$n^o 7-y7'U>^fH^|l 0 5(DfS 20 

0 1 a. C(/)7-y7='U >^^f,jiy^(55H'-y MifJ}tJj;S:EL< 
nut S ) t <j; I? IJfl'/u b . :A1c: ^ I D 6 0 2 ( c cd ^ 
^^;6^^/^f ^^l;-feS*^*/T^t@t©#^) ^^H. 
IfKXU tT'i/gyCr-^eO 3 (^^ID6 0 2 i:i: 
fefc^yrO'f-^ 1 0 1 ^^tc^MM^nS. ^^10 
2lc!H'[i$n/cr-^?:#t?) i^\z^fkc\^ 

0 4 ( ^§s^s^J i^t, |si9^^(±s- 

me 0 6 (cntcfcD. ^yf-ay-^ i o uj:, s 

flL/c777°U>^fH^(DEfi$^I^Sb. h^h^lt. 30 
ITIt S il ^ ^ § ) ^H^tJo 
[0 0 2 7] ^^'10 2-l/()\ Stg0^''^^U>^fl 
^5 2 0(7)iI|fitC. ^^7FL/X5 0K ^^nx'^F 
5 0 2. 3 y®^ 5 0 3 

fHLT*5 D . ^'u-^y F 5 0 2 a)Mf WALfcl^ 
ilO^^'l 0 2- llS:g|6(7)B(Dcfc-9^]S^^t 
?>o ilOiSm. ±Ha®H6«A«jS^^*g6^t^- 
Xh^o fcfiL. ^^'Ack6 0 4«rt§(4: rtglS^J 
T-fe?)o ^^M6 0 4 7^-;^FT■ rtSlS^J 
ffltSilttts F5 0 2(7)ntf®l3!clA*^ 40 

to m.t^^^xh^ti\ \mm] \t. mm 

(9mis rtse^j * rij iiLT. r§se 
^ roj tLx) mimmrj:-mmrsj^;'§xh 

1.0 C^LX. g|60A*5j;a^'BO^^'£m. fi$*5 

j;t>'7t-V7 F*^-t;:t?)i:^*MtgT-fei9. ±HS 

opAMAT^s^ffli^T (tst^^. 

a. i^O rt-F2j f@0«fflnItgS^^i.XD7 F® 

rt-Fij mmmm) -(yy-u^-^ioi 

'xMStS il A^~nItg^^S;So fc/c L. rt- F IJ fc' 
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2 0tpic4yv-u^'~^ 1 0 i^mi^^n^o 
[0 0 2 8] ■&.m.t<^jS.x&^t\ msiai. ^yf 
uff-^ 1 0 \ h7.xi-j Y?>^\'^9'^y^)y 'ym 
2 0*3lfIt?>i:^;i)VT^$rLTi^?)o ^^r-^ 5 

0 3a^d'i.XD7F6^{i:5^7t§fci6. ^^rD^" 

^^AXD7F8-eaS<^^AXD7F7^ 
lc^''>yUy^m^5 2 O^rr^^tSCiifeai^tSC 
hm^-^o ilCcfc^lC. ^^7FL/X50K 
x'y F 5 0 2 fccfct;^ ^r-^ 5 0 3 ®7^ F*^^^ 

>^ 7 -fe-i^' 5 2 0 a. ^; 2,^< Sl^^fflr^-e^ < (D 

F ^ >-*f~^ ^> 3 y ^^'tTt^ns cfc ^ ic. t § /cit¥ < 51 

MtSeii^^'Wt^-^'feSo 
[0 0 2 9] Jiia^yP F3;lyCD 1 OCDjSfflfJS. 

1 0 2AW«9 7^'-;PFrttS§hlSiJ$n/c±i^ 
til. ^yrD'^'-^*\ #S®^^^^1 0 2}e:)rtLT. ^ 
®^^l 0 2a$5,lcjS^L^o^cfc^lci:^^Lfci^^ 
^■efeSc cn«. ^5?^i 0 2*^m*97^'-;PFrtte: 

^^^^x%.}L^^^fz%t.xh^ . tohiS^LMitT 
na\ ^^"1 0 2o«ffi*^mTL^do i^^t. #s 

It. 'iyruf-^\tm^. "tiD^/^'lc, (fc^6< 

t4#s®Bfr^) i^icmt^ctm^t^i-om 
t^ctmm^^o cm. ^yy-uv-'^tK m 

5 Iwi^Lfccfc 9 ^eCD^f ^^CD7 FL/X 5 0 1 ^ 

3x'>F5 0 2 (iio^^^^nvyFs 0 2a. 

(7)^^' {^^'\ 02-1) K$6KtS^t?.c:^i^f#ih 

t?.cfc9w?1?t?.fetD^:t?.) Wm^chlci^-DX 

■fn^-^ 1 0 l^'^^StD^i'M 0 2 - l;<3^e.777°U 
y^fS^l 0 5^§fHL. S^oT. e(7)^^'10 2-l 

7^-;VFrtlcfeS hUBiJLm i:<^)#S<7) 

^^10 2-nc. ■^^Kmt^chm^iit^i^o 

^l^tSc^T'feSo iintcfcD. l)!irx*9 7^-;VFrt 
0?Sf9 0^^7*1 0 2;()'^J:fa(7)P AMA73St^:j:oTjS^ 
Llra^?.PgK, ^y-rP^-^ 1 0 
btD777°'J y^fH^j 1 0 5?:»mLt;:§flt?)5l* 

Xs PAMAtc<j;f3. i!®*9 7^-;l/FrtO$6t^< 

^^-y-^^- FtS i:*^'nitgi:&§o 
[0 0 3 0] J:fH&P.t>'te:06(DAfej;tfB{i:^Lfc 

^^rD'f-^J 1 0 1 a. 0 2*mit^^' 

ts-^fH^j^tiiMit s I D 6 0 2 is^nt^y 3 y 

cD-r-^? 6 0 3m(0T~^^4yTt2^~^^mint 
^CtmMt^CtmmX&^^o CiDXorj:^^ 
tt. iy.y(Oi^olcLxnbn^ (H7) o H7t;:*3i^ 

T. -(yf-ti^-^ioni. mmioy^-j^vm^ 

9\ 0 2^^'>>yiry^fH^7 1 O^MfttSo iioi; 
^''j7yy>^fl^#7 1 0rt(5^'^n-F2 0 2a 
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7 1 OOmiO^^TFl-Xy 0 1 ^rUX^LT. CCD 

^^'1 0 2*^~#^^:7F^x^nTl^§*^^i'5*^*^|Jiff 
?) ?)) o Ayfxiff-^ 1 0 1 a. ^ 
F L/X 7 0 K ^ F 7 0 2 . fccfct; (tT" 
i/a^^LT) ^^r-^jy 0 3?:. #S(7)^^1 0 2 
-l^ilff-rSo ^^3VyF7 0 2a. ilC^^lO 
2-nc. ^©r-^ (tna^ ^^10 2-l®><t 
'JtfBii^nTV^Sr-^. feSlHJ, ^^102-1 10 

n/c r- & ^' -efe § ) fc a^gP*}IfH 

O^^'l 0 2-1 tC^">j7>U>i7fH^|7 2 0*}IfH-r 
So i:0^°'i'>U>'^fH^7 2 Oti. ^:5^'l 0 2- 1 A^' 
^^^3y'>F7 0 2ti:<fcoTSjR$nSr-^^ti:<fcoT 
JS^U i:®7FL/X^^jS^lcPAMA?:fflO^S®-e 
(i^<^ ^''>yiry^m^7 2 OcD^TillitCcD^^ 

i:(D^''i'>'U>'i'fl^7 2 OrtcDt^3-F2 0 2ti. 20 
^^'1 0 2 - U:^51-(^iltfX'3 7Y-;bFrtOt"^TcD^ 

;)^(/)^?~'>>u>^f,l^]-7 soA^SfH^tiSS-^fS 
^bSi^j;9t^fr^rrSo 7'FI-X^^'JS^7 0 4(i. 

jS^7 0 4a. ifJSlcjSCT OiJS^r-^m 
^ F ^ Hf^:a-^^^T) fi < S fctt® < t S i: !b^~nl 

t^T-feSo 7Fl/X^^')S^7 0 4 (H7T1i. ^^A 
XD-y F 1 3(«]i:i|-ii;-ct9!<cfc^t/1^$nTl^S*\ C 

1 0 1 (^MH^i- 6 0 K ^ ^x-^ 6 0 5. *5 
j;t>'|a0^l±i-iIE6 0 6O§fMij]tj:oT) . 7F 

^ 7 0 4 Lfc il h L. 
d'yrD'f-^a. 07tc^Lfccfc^t^. ^^AXn^ 

F 1 4 Mt.'m9^y'] y^mi 3 0 (7)}ifH^r»itet- 

F 1 6S■(:1^S-f-S'2^ga^l\ ^^''l 0 

2 - 1 ^TO^^' 1 0 2 a^^fD^'^yU y^'fH 

^#7 3 0*f^oTl^S*^&-?-feSo i:0^"7>y >^fH 
^i-7 3 Oti. MSiD7^'-;VFrtOt-^T03'^'l 0 2 40 

t^. ^t\m^9m{m (06® A) -ejs^tScfc^ 

-F2 0 2?: rpAMAfS^J ^-TS) C t*^~nItgT-fe 

So 

[0 0 3 1] ±fHOfM*^&Hj?s*>Sj;9t;:. ^rSffi 
flO/cJ50f^TO<^^gSefi!cg^*^~§ftt"So tt. 
4yft2^~^ 1 0 1 a. i^-ffLd^^'i 0 2*^1M'9 

-fyy-u^-^ 1 0 la. M®i9 7^-;VFrttcfeS^ 

^'102 mm p A M A ^7cSM*s*fflo^Tjs^-r 50 
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^^^^Mt^^^^yvyi^mi 1 o^Mif-So f- 

Si:. ^^'l 0 Zimio^^olcLX&m^o f s 
ii, ^yf-D^-^a. fMxi3 7^-;FFrt®^^'i o 

2 0^^" I D^JPSo ^yf-D^-^ 101a. #S® 

^^'(^^'10 2-1) ^r-^*31fH-f-Si:i;fctc^ 

^1 0 2-iA^e,r-^?^^mLfci/^i:ti.c torn 

-g-, ^^rD'^*-^ 1 0 Itt. ^^1 0 2 - l®^^^! 

X5 0 1 hts^'-^^uy^m^s 1 omm^o c 

nt<fcf), ^^'10 2-1 a. 3VyFfej;tfr-^*^^ 

^'T^im^nxi'^^it^ (^^nvyFs 0 2*3j;t>' 
^^^T-^ 5 0 smm m ctmmxh^^o t 
tu 9'^y^)y'7{m5 \o\u t<x(r>^ifio2\c 

%LXs ^^(D^^'l D*^~^^TFL/X5 0 IK^m 
^-^a. ^^'1 0 2- l*^~H6®CfiDcl;^^^^^jS^ 

mmm^nt^mt^^^yvy^ms 2 0 

fs^ft^^sft Lfcit. ^''^7 y V y^mi 3 0 ^mi9 

LX7u^xm?M^o 

[0 0 3 2] limmmBimc X 0 . WM 0 7 Y -;F 

Yy<iic'$hict><(0'^^/ 1 0 2A\rm?ns,, ^^f-n 

y-^; 101a. ^7>"J>'^yy4 1 O^jiiULTljc 
®07^'-;PFrt(D^^^'l 0 2A^'H6^DA^cj;l9^S^t 

^-;l/FrtcD^^^l 0 2cD^*,(7)^g|5S/'ctJ;-g|5®^^" 

I D6 0 2^5;n5o ^-kic, ^y^uv-^ 1 0 la. t 
^a-F2 0 2^ rijx^j \cLX'^^y')y'7\A''}'3 

1 0^3MflLT*^e.. ^^7*7FlyX5 0 lfeci;t>'^^*a 
-^y F 5 0 2 ^}MflL. ^StD^i^' (10 2-1) \cn 
LT. ^^a-F2 0 2^ r^'i;7, pamajS^j h 

LfMy^)y^{m5 1 o*W*lasS-e^l^^^ 
!b%^?:#iht'^*i: i:»Ptl.c c(D^^y^) y>7 

1 Oa. M®0 7^'-;VFrt(D-r^T(D^^^l 0 

fei5g-rScfc9S*-rsfe®-(?feSo ^o^^^\'^\.x. 
^^7-1 0 2 - 1 aiifss^t^n. f ^To^^>e.§fi 
Bjtii^:^s5»*'m-rSo ^mmt. mmy4~ 
;^Frt^D-r^T®^^^'l 0 2*^~iigij$nssT\ 
3^ 1 0 2 LTjs^*f¥±-r s <fc 9 ^i/7-r s 

[0 0 3 3] mm^. -iyfXiff-^ 1 0 1 *\ 
^^'1 0 2tCj;oTjll?$n/cPAMA;^:^-y?:5;pS 
c^(J;^!ffli:&Si:i:*^~feSo fJ^ff. r277Ft7 
12J PAMAOJg-g-. 2-0(:DjS^a!f§$rLS^^A 
XD7 F#^l4fccfct>'l 0 (g|40^^'ljS^ (4 0 
1, 4 0 3) #M) T-MH$nS^l^^SftT\ PAM 
A/^^-ya^?ij r4, lOj T-feSo ^IC'ISfgS. ^ 
yxD')^-^ 1 0 l;b^ »^WtSC^ltc<J;oTi!® 
07^-;VFrt®^i[O^^'i 0 2^-9-.f-F-rsSti: 
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^^tr^mm'tiS^h^o ^yrn^-^ 1 0 1 {tWM 
^y4~iVY\H\^mjE(D^^'\ 0 2-1 «iJLfcA\ 
^yf-D^-^ 1 0 1 a^lO^^'l 0 2- lOPAMA 
/^^-y^rJPO/cl^^fSSf So ^yf-D^-^ 1 0 1 
\U t^3-F2 0 2% riJX>J iiL/c^'-^yy^^ 
fH^5 1 O^MfttSo CcDnv^Ftt. t'^T®^^ 

^t§fe®t:-feSo ^^l^^ ^^TD'^*^^ 1 0 la. ^ 
^7^1^X5 0 1 (^0)7 YUXli^^ I 0 2- I (DT 
FPXT-feSo ) ^:^^3VyF2 0 2 (Cc7)3VyF 

a C 3? ^'tc^t L T P A M A ^- y^&^C 

BytLX. 5 0 3 (^>rDy-^; 1 0 1 

10 2-1 ^r-^ fe5lfHLfcl^Ji-&) *}lfH-r 
i:®^^'3x'>'F5 0 2tt. 1 0 2- HCjt^L 
06cDCcD<fc'5te:^^r-^6 0 57^-;VFrtt^: 

^cDPAMA^^J?:#t?^^jS^m5 2 O^rJimtS 

mm m^iiioi) ^mhm. -fyj-u^^-^ 
ii.^'^yv y^m7 3omiiLr-fu^7.mmt 

[0 0 3 4] [ j,i imk^m ^rdm ( f d m a ) ] m 

0TDMA?i;-c-(<j:. lli=|,"J(i;^-i'AXU7 FcD-L'7 ht^^ 
^fl^l 0 3lC&'§t^CtX$)^o MB S^ill^S 

cintiHsaDcfc^t^ii^nSo ^yf-ny-^1 
0 1 a. ^''j7yu >^fH^ 1 os^minbtcm. im'o 

7^'-;VFrtO^^'l 0 2^CWfH^5-l 0 A^'Mint 
So lil8T\ CWfH^l 0 4?:RFgl/g|5(f iT'S-To 
0 8lcfel>T. Ty^Vy^Mimii (fi + f2) . 

(fi + fs) . mi (fi + f4) (Di^^tnt^mmm 

U 7Jf mm f 1 t$5{tS R F CDC Wfl^ 

1 0 4*^&ot7^27F*gt-o H9tt. mmry^ 

V y^MM'i^f^lS.t^ c tmnm^^^ l O Z cD7"n 

t s o rsix^isgg 9 0 6 ti:. 1 y 7 

9 0 8ja?Si(^^fiSctS-ISW^^ffi»T^LTl^So 

IX^fi!c§§9 0 6 a. 7°D^7^t9 0 5 0f5iJffl]TT\ m 
0^^7'4^-v U 7 9 0 8 Mim^^m^ c tmmtrji 
So trj:b^. co)micxt)^7^^V7M'm 
f2. fs. *3j;t>'f4*^fi!c-f-Si:^*^~nItg^^So 
[0 0 3 5] ^^'lOZlt. ^^^<.\iyy9LK. 0^ 

y 7 9 0 mmmmt^^-b-^-^m^ 
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a$S>tC rt-Fj /^9><-^ (2 0 5^^') 

T. l^^ttKDTy^V y^^7^^ U 7Jf rMX^ffli^s 

aimXh^o ^^'102 *\ mt<^^7^^ U 7Jf 

«ic*fts-r s • 9 0 2 a (fj^jf ) 
^^'ijs^(4oi) ^-^yT-u^'-^^mmt^ct 

(f. -y-^^-v y 7 9 0 8 jasisca. -gsK^ns t 
r4^^y7j i:LTffli^e.n. ^^^^its^ (so i) }c 

#snsT-^(i. T-^^ii§§9 0 yt^icfc-^T^-o-it 

7~4^-^ y 7)a-m±t-^II-f-S ^*^'nIt^-(:-feSo C(D 
-|S{C{uffi^>7F4^-^y^' (PSK) 

0 2 a. (nJt^ttcOfeS) ffi«j(cD-9-7~4^-¥ U 7M'& 
m (JiHH® 3 y 7ja&itt*#^S-|lffi0!J 

mx%^. 

[ 0 0 3 6 ] IMX 0 7 ^ F t-g tiM©^ y 1 

0 2^imts/cfeta. ^^"10 2a. $m 
Bji^^-^t -\' y 7Jir^|j(® ^ CD 1 > ^'A ici 

JRL. 77 7°y y^fl^l 0 S^jIfltSo 

^^loza. c cxmmt ^ F DM Am jiie^dt 

DMA PAMAm(Dm-^'^^m^^Ctt,ajmX& 
So ^^^1 02a. ;^(D (t-F2) fjfflnltg 

^^-fAXD^y FcD^-^© (t-Fl) ^-YAXD^yF 

icisi^'X7yy'vy^imi 0 sx&'^l. fflt^s^t 
^^AXD7 Yiiyy^^ncmML. ffll^S^t^t/^ 
■V y 7Js]tS|j; ^ y A tcSf/^f- S j; ^ n S i: 
^^'^Bjli^T-feSo c:0j;9tLTs jiiPOgiS/fj^'^x. 
^MCtlc^iQ. <fcO^<(D^^'l 0 2*^X07^' 
-;VFrtlc^^lc#ftLTL*^femittS<lBiJ$nS 
i:i:*^~nItg^i^:Sc fe^ lO(D{»Ji:LT. ^^10 
2ti. ±12(5)1 DMA PAMAfe^rffll^TlHiJ^nS 
C^fenJigT-fe§„ ^(Dig^. mo^^'l 02a. ffl 
ll4S777°y y^^t7'^-¥ y 7*ffll^fc7 FL^X^^^^' 
tc;;^7 0 4-ejSffl-f-Scfc9ti:fg^$nSi:i:ti:<fcO. m 
m^'^fl OZt>\ mmc7¥]yX^m^7 0 4X& 

[0 0 3 7] ±timmM:mmrf(Dtisiox% 

^x(D^^'i 0 z^^'^yvy^imi 1 o^mint 

So ^^'10 2 a. ilHOPAMA^ffll^TiS^fSo 

t^xoy^i;' 1 0 2 mm^^^ y 7 9 0 8jf rMX 

?:ffl^^TfS^fSo iinS. ^^'1 0 207r-A'>x 

7mc7kmic'm}itsctt,ajmx&t). ssi^i. 

^^'1 oziuyf-ti^-^ 1 0 1 
yvy^inm ioiHxmm^t^=i~vzozKx 
'Dxmm7^^'V7 9o 8Mm.xt<x&m^x 
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-^101 a. ^^'iS^ (4 0 K 4 0 rttcg- 

(10 2-1) ;i)^e,r-^?:g*Lcfc^ ^li^^i^^C^ 
id'^-V^^o Mc. ^yf-D^-^ 1 0 1 a. fe^ 1-3CD 
y U y ^'fl^i- 7 1 0 (^<7):^-^a- F 2 0 2 ltt< 

xm9\ (^2\m\.x ruxyj -rscfc^^iJ-r?.) 

*MHL. ^cDlitil. #Sc7)^^' 10 2-1 «^LT. 
#S(7)r^^(7)-fe7 F^^yrn'^*-^ i 0 l 
Sj:9#^-r§^^7FPX70 lfe<fct;^y3vyF 10 

7 0 2%5lfftl)o i^tc, ^>rD^-^ 1 0 1 tife3 
10(7)^">j7>U>'^fH^|7 2 0*}IfH-r^o ^o^9^y 
U y^'fl^i- 7 2 0 <7):^-^n- F 2 0 2 li. ^ F 

7 0 1 T-jifH$nfc I D ^-g(-r§ I D*t-r^#£« 

^^'1 0 2-nC)r^LT. 7FL-X^^'fS§7 0 4 (a¥ 

M®0 7^-;VFrt®ffi®t'^T®^^l 0 2fC?t 
LT. ^^^NiS^ (4 0 l^a rjl 

L. 7Fly,X^^'jS^7 0 4(i:. rjiBfli&l PAMA^ 20 
^'NJS^ (4 0 1*^') ■effll^?>n/c«i;ai4SS-9-7" 
4^-^ U 7f^]i)ica^]lll^T})if3$n§ C fefeSo ^ 1 

0 2-1 *^'W}^(7)-t7"4^^Y' u 7 9 0 mmvfmt^ 

^mm. feSOHi. ^^3x'yF7 0 2Sfca^^ 

r-^ 7 0 z\^^^^mm'mxAy'rxi^-^\-^ 
dtcLT. ^>xn^-^ti. \mm%m-^xvf\z^ i 

O©+^7'4^-vU79 0 8jir£l5(^ffll^T^^'l 0 2-1 
J;(:^®^^'1 0 2*^6777Uy^fH^l 0 5 (^^'N 30 
JS^ (4 0 l^H) ) ^SflfS^^fet. gW7"4^ 
•V U 7 9 0 m-m.^LX^f 10 2-1 *^6r-^ (7 

F^x^^^js^7 0 4) itmm^^hwm^^^h 

[0 0 3 8] ±m(Dm^. -^y^^^ u 7 9 o 8 mm 

0 8/5 0 4, 1 8 8^i-t^:a. MB S^7Xf-AT'(J:$S 

ti:;^t< (^j'^^<i:fel 0kHzJi(J:. ffSL<aiO 
0 k H z J^J:. aiWfC a 5 0 0 k H z Ji(_h) :5;ltn{f 
^MO^^-^^-a^§■9-7^■vy79 

0 8Mmixmmc&^LXh'^i§^. ^-nsos^s 

[0 0 3 9] ^yrD^-^*^~SS?,^t74^-vU79 0 

8 MM'ixmt^&nmmt^ eta. 4 yf-u^^ 
- ^ o^tf *i^>siitc-r s *stc mmx 

arj:h\ A/D=iy;'^-^^XX}T^iy^M9^m. 50 



(D S P) Wmm^X. ^yrn^-^ 1 0 1 ic^h^ 

xuminrM^^yyv yf-^^e tif^x^^o c 

0A/Day;^-^a, ^^'1 0 2*^~^^.f-Ff?)i:^ 
t^x^^mi^M'^y^^ U 7 9 0 8Jf rMX*^^4^- F 
-r?>(D{i:+5>^;^^®-tty7Uy^>-F*tf ?)o S 
/c. DSPti. 7-Uxmif%lltfLT. m®-tt7+ 

[0 0 4 0] [mmi^jmm (c dma) j c dm 

A a. ^'-^ y U y ^ cfc y y ^ $ 
fL§iISX-^^ F9AffiiC (D S S S (Direct Sequence 
Spread Spectrum)) ^II?:ffll^/£:^7tSI!7°D F 

T'feSo ^ mim^ (4®±i^a^^'i 0 2) 
^nmimn. ^mm&mm^^xmmm^ 

S(7)fci6t. mmrj:^7mmfuY:i)vx%^t 

^^^nxi'^0 

[0 0 4 1] ^t; ^iT^xt^LTOfiSX-^^F^A 
teS (DSSS) ^7tSlt73iti;LTcDCD 
MAcD<£ffl^KSiJ-r^fr-$>l>o CDMA^^fflL^l^ 
±I^-^-t>. DS S S^IJffltSil^SRF I D7^U^ 

^10 3 sfca77^u y^m^ 1 0 5(D\.^tnt^m 
mt^ (.tr^t^. Dsss^l^fflv^s) ctm^ 
r^ctt^^^o J^Xt^9-^y^}y'7{tm 0 3S/ca 
7-y7'jy^fH^?i 0 boy^^xa'c^xmnxh^h 

\^')1tM~X. /^X/^Wm.m^ r;^-XF6<)J Xh^ 
m 0 3SfcS77 7'Jy^fH^?l 0 5(7)g$ti:|:t^T 

feSo o^f nc^icfe^ D s s s^ia. +5}-&S!ia 

/UK mic^utr^^ctm^o x*^'e 

^ffislT-fe ^'7^>7>#tt*ttS« 
DS S S*'^W^t:&?)BjtgttS^>:5:l\ 
[0 0 4 2] ^'©cfc^tcLTCDMA^rRF I D 

T. m^(Dmm\Hich^t^x(D^y7-u^~^mm 
mKmLxm\:mmiiLxi^^^^rj^ (ssv^ 

ic^moy-fyTU^-'^io'^'smmc+'mnxh'^^ 

^rji) RF I Di/XrA||gt^:oi^T^;l?)o 

^'7yyy^ti:*3tt?)CDMAO^ffla. *g6^ 

^"7yuy^tc*3it?>D s s smn^mt^ct 
mi^x&^^o cnmi&trj::^m^ic'Dh^xmicM 

mLtco ii(7)77'D-f-® 1 -Doykj^M. ^^^lozti'^ 
ffiit^'7 y vy^^ y e. ^'7 > u > ^ft^ i o 
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7 -9- 9 0 5 a. ^'-^ y U y^\m 1 0 3 0^&^(7)r-^ 

S-)IS^^:fX'3ll^^tg&/J^$l^«ffl?:ttS) 
[0 0 4 3] 77^';y^l?CDMA?:fflO^Slca. gij 

^(DD s s smm^-^mm^Km^m^o c(r> 

If^. 7-j'f^)y'y \Z.m § C D M A cD^iJi^JJ. ^lit© 10 

^^'102 if'T 7 7°U > ^ff^ 1 0 5 ilff-r S 

t 1 § ^ -efe § o nc^ga c- * I 

fJxa\ ^^'1 0 2rt<7)7°D-t7-9-9 0 5*MMH 

^D^7^9 0 5tt. y7h'^x7^ffll/^T. *5^&< 
1 MH z m.m7^^ 'J 7*4sSctS il 

SS^ffll^/cA-F'>x7-(:-&lS-rSi:^fewJtg-(?feSo 20 
cmmci^iO. 7°D-fe-yft9 0 5-?-y7h'>x7^ffl 
l^/c±i^cfc t,i;,i->i-7"4^-\' U 7M&mmt^Ct 

"to^-^^mmmmmtM^^ vrtLxmbx 

KSc9-7^-^U7?:ffMU T^y-fVy-^miO 5(D 

T~^^c mm7^ y 7 J:-egist s i: mm 

So t'tT077 7°U>'^'fH^5-l 0 5tCDMA^ffll^ 
Sif^s 'r>'rO^'-^ai^frL(D^^'*WX'9 7Y- 30 

^®i(li:ft#LT. ffiil&ftlli:=S:SnIt^tt*^~feS) ^ 

f^oT. iifig^ns (d-k^-^m. ^^fx 

0 2 *mt-S C ^*^-l?^Sg^?g^^#ft^7"4^-V u 7 
(J:fH®fjT1i IMH z ) 7 7 7°U > ^'fH^? 1 0 5 
Or- ^ I/- h mt-W^ < o f J;l a; 7 7 7° U > ^ ft 
^i- 1 0 5 Or-^ I/- 0 k b p s T'feSti^. tk 

tS(??^ofi$ ttis (£ 1 0 0 0 ^ saawitai^i 1 9 d 40 

Bil^So 

[0 0 4 4] 777'Uy^m^l 0 5-eCDMA^^g 

t"?)t^:a^ ^^'1 0 2tcrai?^;&fiJ0y^TSo feSo^ 
a. ^^'102 a. ^"'^ y U y ^fi^ 1 0 3 ^SftfS 
^ t 9 y ^"A t;:|?^#*SK-f- S ^ nltgT-fe S „ 
t^:. ^^'I02a. P AMAOii^t^:ffit^:f|JfiL/c<fc-5 

^^'0^^'£^4 0 1 tt#£OffiS(l?F^^fflo^So 
JS^4 0 l(7)^SOr-^^-ha^g-efeS^i:fefe 
SfcJ6. J:taOcfc9tC7c7tS(7)tci^^A7.D7h*^ 50 



#rwW9-2 3 8 1 1 5 
28 

S jS^a. C D M A 7 7 7° U y ^ Oii^t;: 5? Tf S 
(7)t;:^i:i^^AXD7h*gf?)i:^t;:S?)o L*^ 

[0 0 4 5] ^'yrP^-^ 1 0 1 \'^mumW\(P>'\t 

a. 0tj^(i ^mmm\nt.fd,t9tiy')y>ym\ 

mm-^^^hifx^fs-^^o ^(Di§^. r-j^vy^in 
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1. Title oflnvention 

ENHANCED UPLINK MODULATED BACKSCATTER SYSTEM 

2. CUims 1- A radio coiimiuiiieadoiL system compruing 

an interrogator inchiding 

meaiu to geaentt a first radio signal, 
means to transmit said first radio signal to at least one tag: 
said at least one tag includL-ig 

means to receive said first radio signal, and 

means to gaasmc a seoond modulated signal by modulating a 

tpprmri infimnation signal onto a radio carrier signal, 

means to divide time into a series of time slots, where said 

time slots nuy or may not be of equal leD^tti, and 

means to transmit a certain mimbei of repetitiom of said 

second modulated signal wifhin a certain number of eaid tinu slate fijlloivlng 6ie 

reception of said first radio signal, where said oertain number of lepetitloos is 

less dian said certaLn number of lime slots; 

said intertogator further tadudi«g 

means to receive said second modvlated signal, and 

means to demodulate said second modulated signal to obtain 

said second information signal. 



2. Tiie radio comirmniratton system of claim I wherein said 
interrogator generates a CW signal foUowing said first radio signal and said at 
least one tag generates said second modulated signal utilizing modulated 
bacfcscatter of said CW signal. 

3. The radio communication sys»m of claim 2 wherein said 
interrogator demodulating means utilizes homodync detection. 

4. The radio connmmication system of claim 1 wtierein said 
means to modulate said second infoimatioa signal onto said radio carrier signal 
tttiiizes pliase shift keying, 

5. The radio communicatioii system of claim 1 wherein 
said interrogator includes 

means to generate said first radio signal by modulating a first 
informati[»x signal onto a radio carrier signal, wbere said first information ^gnal 
contains at least an operations code, and 
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said at least one tag contaim 

means to demodulate said ilrst infonnation signal from said 
first radio signal, and 

mcaas to detennioe said operatioDs code from said first 
infonnation signal. 

6. The radio conununications system of claim 3 wherein 
said interrogator includes 

means to include at least one parameter, desiifnatBd "Mode 
1", in said first infonnation signal; end 

said at least one tag includes 

means to decode the contents of said "Mode 1» parameter 
from said first information signal, and 

means to use the contents of "Mode 1" to detennine how 
many of said repetitions of said second modulated sigtul to transmit. 

7. The radio communication system of daim 6 wherein said 
interrogator fiirther includes 

means to monitor coinmuiijcatioiu peifonnance of said second 
modulated signals, and 

means to dynamically adjust said "Mode 1" parameter based 
upon said cQtnnumicatioiis performance of said second modulated signals. 

8. The radio communications system of daim 5 wherein 
said interrogator includes 

mcana to include at least one parameter, designated "Mode 
2", in said first infonnation signal; and 

said at least cue tag includes 

means to decode the contents of said "Mode 2" parameter 
from said first information signal, and 

means to use the contents of "Mode 2" to determine how 
noany of said time slots, following receipt of said first radio signal, .said certsdn 
number of repetitions of said second modulated signal should be transmitted 
widiin. 

9. The racUo communication system of claim 8 wherein said 
interrogator further includes 

means to monitor communications performance of said second 
modulated signals, and 
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means to dynamically adjust said "Mode 2" parametBr based 
upon said communications performance of said second modulated signals. 

10. The radio communications system of claim 5 wheiein 
said interrogator includes 

means to include at least two additional parameters, 
desigaatcd "Mode 1" and "Mode 2", in said first information signal; and 
said tag includes 

means to decode the contents of said "Mode 1" and said 
"Mode 2" parameters from said first information signal, and 

means to use the contents of "Mode 1" to determine the 
number of said repetitions to use, and to use the conieots of "Mode 2" to 
determine how many of said time slots, following receipt of said Brst radio 
signal, said number of said repetidons of said second modulated signal slwuld 
be transmitted within. 

11. The radio commimicatiQn system of claim 10 wherein said 
interrogator further includes 

means to monitor communications performance of said second 
modulated signals, and 

means la dynamically adjust said "Mode 1" and said "Mode 2" 
parameters based upon said communications perfbnnancc of said second 
modulated signals. 

12. The radio communication system of claim 1 wherein said 
intBrrogator has means to repetitively transmit said first radio signal. 

13. The radio communication system of claim 5 wherein said 
interrogator includes means to repetitively transmit said first radio signal. 

14. The radio communications system erf claim 5 wherein 
said at least one tag includes 

means to include within said second mfonnation signal at least a 
unique identification field for said at least one tag and optionally including a 
Synchronization Field, optionally including additional Data, optionally includmg 
a Tag Ack Field, and optionally inchiding an Error Detect and/or Correct Field, 
and 
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means to transmit said second infonnation signal upon receiving 
said operations code designated 'PAMA Respond". 

15. Tlie radio conununications system of claim 5 wherein said at 
least one tag includes means to not transmit any of said second modulated 
signals upon receiving said operations code designated "Listen". 

16. The radio communications system of claim 5 wherein 
said interrogator includes 

means to generate a third information signal, containing 3t 
least a Tag Address, a Tag Command, and optionally Tag Data, 

means to generate a third modulated signal by modulating said 
third information signal onto a radio carrier signal, and 

means to trananit said third mo<hiIated signal to said at least 

one tag; and 

said tag Includes 

means to receive said third modulated signal, 
means to demodulate said third information signal from said 
third modulated signal, and 

means to decode said third information signal. 

17. The radio communications system of claim 16 wherein said 
at least one ug includes 

means to examine the contents of said Tag Address and said Tag 

Command, 

means, responsive to the results of said exammation, to determine 
if said at least one tag is addressed, and 

means to determine if said Tag Command has been properly 



18. The radio communications system of claim 16 wherein 

said interrogator includes means to transmit said first radio signal 
to said at least one tag following the transmission of said third modulated signal. 

19. The radio communications system of claim 18 wherein 
said at least one tag includes 
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means to generate a fourth information signal, which includes 
Tag Data, and optionally includes a Synchronization Field, optionally includes a 
Tag Ack Field, and optionally includes an Error Detect and/or Correct Field. 

means to gcDcrate a fouiJh nradulaied signal by modulating 
said fourth informatioD signal onto a ladio carrier signal, 

means to transmit said fourth modulated signal only if said 
operations code contaln«i within said &st information signal is "Tag Respond" 
and if said at least one tag is an addressed tag, and 

means to not transmit said fourth modulated signal if said at 
least one tag is not an addressed tag; and 
said interrogator has 

means to receive said fourth modulated signal, and 

means to demodulate said fourth information signal fsxxa said 
fourth modulated signal. 

20. The radio communications system of claim 18 wherein 
said at least one tag includes 

means to generate said second information signal, contained 
within said second modulated signal, which contains "Positive 
Acknowledgment" m said Tag Ack field, and 

means to transmit said second modulated signal if said operations 
code contained widiin said first information signal is "PAMA Respond", and if 
said at least one tag is an addressed tag, and if said Tag Command has been 
properly executed. 

21. The radio coimnunications system of claim 18 wherein 
said at least one tag includes 

means to generate said second information signal, contained 
within said second modulated signal, which contains a "Negative 
Acknowledgment" field in said Tag Ack field, and 

means to transmit said second modulated signal if said operations 
code contained within said first inforraatioD signal is "PAMA Respond", and if 
said at least one tag is either not addressed or properly executed. 
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22. The radio communications system of claim 17 wherein 
said ijiteirogator includes 

means to imlude the command "Quiet" within said Tag 

Command; and 

said at least one tag includes 

means to make m fiuther transmissions upon receiving said 
command "Quiet" widiin said Tag Command, and 

means to resume said transmissions of said second modulated 
signal upon reception of said first radio signal where said Operations Code 
contained within said first information signal contained within said first radio 
signal contains the command "Qear, PAMA Respond' . 

23. The radio communications system of claim 19 wherein said 
Tag Data includes means to include the time slot numbers being used to transmit 
said second modulated signal by said at least ooe tag. 

24. The radio communication system of claim 19 wherein at said 
at [cast one ug die means for modulating said second or fourth modulated 
signals onto said radio carrier signal utilizes modulated backscatter of a CW 
signal provided by said interrogator. 

25. The radio communication system of claim 24 wherein said 
interrogator demodulating means utilizes homodyne detection. 

•26, The radio communication system of claim 20 wherein at said 
at least one tag the means for modulating said second or fourth modulated 
signals onto said radio carrier signal utilizes modulated backscatter of a CW 
signal provided by said interrogator. 

27. The radio communication system of claim 26 wherein said 
interrogator demoduladiig means utilizes homodyne detection. 

28. The radio communicatioo system of claim 21 wherein at said 
at least one the means for modulating said second or fourth modulated signals 
onto said radio carrier signal utilizes moduljtted backscatter of a CW signal 
provided by said interrogator. 
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29. Tlie radio conununication system of claim 28 wherein said 
interrogator demodulating means utilizes homodyne detecdon. 

30. A radio communication system comprising 

an interrogator including means to transmit a first radio signal to 
at least one tag; 

said at least one tag tncludiog 

means to receive said first radio signal, 

means to generate one of a set of subcarriers, 

means to select a particular subcarrier from said set of, 

subcarriers, 

means to generate a modulated subcarrier by modulating a 
second infoimatian signal onto said particular subcarrier, 

means to generate a second modulated signal by modulating 
said modulated subcarrier onto a radio carrier signal, by using modulated 
backscatter, and 

means to transmit said second modulated signal; and 
said interrogator further including 

means to demodulate said second modulated signal, to obtain 
said second infisimation signal, 

31. The radio communication system of claim 30 wherein said 
interrogator demodulating means utflizes homodyne detection. 

32. The radio communicatio& system of claim 30 wherein 
said interrogator fiuther includes 

means to genersOe said first radio signal by modulating a first 
information signal onto a radio carrier signal, and 

meaos to transmit said first radio signal to at least one tag; 

and 

said at least one tag further includes 

means to receive said first radio signal, 
means to demodulate said first information signal from said 
first radio signal, and 

means to decode said fint information signal. 
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33. The radio communication system of claim 32 wherein said at 
least one tag further includes means to perform said selection of said particular 
sulxarrier based upon contents of said first iofomiation signal. 

34. The radio communication system of claim 30 wherein said 
interrogator means to demodulate said second modulated signal includes a digital 
signal processor. 

35. A radio communication system comprisiQg 
an interrogator including 

means to generate a fust radio signal, 

means to transmit said first radio signal to at least one tag, 

means to divide time into a series of time slots, where said 
time slots may or may not be of equal length; 

said at least oite tag including 

means to receive said first radio signal, 

means lo create one of a set of subcarriers, 

means to select a particular aubcarrier from said set of 

subcarriers, 

means to gwierate a modulated subcarrier by modidadng a 
second information signal onto said particadar subcarrier, 

means to generate a second modulated signal by modulating 
said modulated subcarrier onto a radio carrier signal, by using modulated 
backscatter, 

means to divide tiume into a scries of time slots, where said 
time slots may or may not be of equal length, and 

means to transmit a certain number of repetitioDS of said 
second modulated signal within a certain number of said time slots followiitg the 
reception of said first radio signal, where said certain number of lepetitions is 
less than said certain number of time slots; and 
said interrogator further including 

means to receive said second modulated signal, and 

means to demodulate said second modulated signal to obtain 
said second information signal. 



36. The radio communication system of claim 35 wherein said 
interrogator demodulating means utilizes homodyne detection. 
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37. The radio communication system of claim 35 wherein 
said interrogator includes 

means to generate said first radio signal by modulating a fust 
infonnation signal onto a radio carrier signal; and 
said at least one tag includes 

means to demodulate said first infonnation signal frora said 
first radio signal, and 

means to perform said selection of said subcarrier based upon 
contents of said first inlbrmaiion signal. 

38. The radio communication system of claim 35 wbeiein said 
interrogator demodulation means includes a digital signal processor. 

39. A radio communication system comprising 

an interrogator including means to transmit a first radio signal to 
at least one tag; 

said at least one tag including 

means to receive said first radio signal, 

means to create one of a set of spreading codes, 

means to select a particular qjrcading code fix»m said set of 

spreading codes, 

means to generate a spread information signal by modolating 
a second infonnation signal onto said particular spreading code, 

means to generate a second modulated signal by modulating 
said spread information signal onto a radio carrier signal portion of said first 
radio ^gnal, by using modulated backscatter, and 

means to transmit said second modulated signal; and 
said interrogator further including 

means to receive said second modulated signal, and 

means to demodulate said second modulated signal to obtain 
said second information signal. 

40. The radio communication system ofclaim 39 wherein 
said interrogator fiirther includes 

means to generate said first radio signal by modulating a fust 
information signal onto a radio carrier signal; and 
said at least one tag fiirther includes 
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means to demodulate said fiist information signal from said 

first radio sisnai, 

means to decode said first iofonnatioii signal, and 
means to perfonn said selection of partiailar spreading 
code based upon the contents of said first iafonnation signal. 

41. Tlie radio communication system of claim 39 wherein said 
interrogator demodulating means utilizes homodync detection. 

42. The radio communication system of claim 39 wherein said at 
least one tag includes means to chai?ge the reflection coefficiait of the antenna. 

43. The radio comnaancation system of claim 42 wherein said 
means to change saiA reflection coefBcient of said antenna includes means to 
vaiy the amount of modulation currem through a diode modulator. 

44. A radio commiinicailoa system comprising 

an interr(?gator inchxlmg means to transmit a first radio signal to 
at least one tag; 

said at least one tag including 

means to receive said first radio signal, 

□leaiis to create one of a set of spreading codes, 

means to select a particular spreading code from said set of 

spreading codes, 

means to generate a spread infbnnation signal by modulating 
a second information signal onto said particular spreading code, 

means to gcncrae a second modulated signal by modulating 
said spread infonnation signal onto a radio carrier signal, by using modulated 



means to divide tune into a series of time slots, where said 
time slots may or may not be of equal length, and 

means to transmit a certain number of repetitions of said 
second modulated signal within a certain munber of said time slots following tRe 
reception of said first radio signal, where said certain number of repetitions is 
less than said certain number of time slots ; and 
said interrogator further includiqg 

means to receive said second modulated signal, and 
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means to demodulate said second modulated signal to obtain 
said second information siinai, 

45. The radio communication system of claim 44 wherein 
said interrogator includes means to generate said first radio signal 
by modulating a first information signal onto a radio carrier signal; and 
said at least one tag fsather includes 

means to demodulate said first infonnation signal bam said 

first radio signal, 

means to dcccxie said first infonnatton signal, and 
means to peiform said selectioa of said particular spreading 
code based upon tiie contents of said Gist infonnation signal. 

46. The radio oommunication system of claim 44 wherein said 
interrogator demodulating means utilizes homodyna detection. 

47. Hie radio commuiucation system of claim 44 wherein said 
interrogator demodulation means includes a digital signal processor. 

48. A radio communication system compiising 
an interrogator including 

means to generate a first radio signal, and 

means to transmit said first radio signal to at least one tag; 
said at least one lag including 

means to receive said first radio signal, 

means to generate a second modulated signal, by the use of 
modulated baclcscattcr, by modulating a second information signal onto a radio 
carrier signal portion of said first radio signal, 

means to change the reflectioa coefficierti: of the antenna 
contained within said at least one tag. and 

means to transmit said second modulated si gnal ; and 
said intenogator further including 

means to receive said second modulated signal. 



49. The radio communication system of claim 48 wherein said 
means to change said reflection coefficient of said antenna includes means to 
vary the amount of modulation current through a diode modulator. 
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50. The radio comnuinicadaa system of daim 48 wheiein 

said interrogator includes means to demodulate said second 
information signal from said second modulated signal, and 

said demoduliriiiig means utilizes liomodyne detection. 

51. The radio communication system of claim 48 wherein 

said interrogator includes means to generate said first radio signal 
by modulating a first information signal onto a radio carrier signal; and 
said at least one tag includes 

means to denoodulate said first information signal from said 

first radio signal, 

means to decode tiie contents of said first information signal, 

and 

means to Change said reflection coefficient of said antenna 
based upon the contents of said first information signal. 

52. A radio communication system comprising 
an interrogator inchiding 

means to generate a first radio signal by modulating a first 
inforniation signal onto a radio carrier signal, and 

means lo transmit said first radio signal to at least one tag. 
said at least one tag including 

means to receive said first radio signal, 

means to demodulate said first information signal from said 

first radio signal, 

means to decode said first information signal to obtain at least 
an operations code, and optionally includiqg one or more additional parameters, 

means to determloe the contents of said opccatlous code, and 
optionally to detennioe the contents of said one or more additional parameters, 

means to generate a second information signal, 

means to generate a second modulated signal by modulatmg 
said second information signal onto a radio carrier signal, using modulated 
backscauer, with the data rate of said second information signal being 
determined by said contents of said operations code, or by said contents of said 
one or more additional parameters, or by both, and 

means to transmit said second modulated signal; and 
said interrogator further including 
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means to demodnfaK said second modulated signal to obtain 
said second infbnnation signal. 

53. The radio cooimunicatioa system of claim 52 wheiein said 
interrogator demodulating means utilizes homodyne detection. 

54. Tbe radio communication system of claim 52 wherein said 
means to demodulate said second modulated signal includes a digital signal 
processor. 

55. A radio communicatkin tag con^rising 

receiver means to receive an interrogator radio signal and 
transmitter means to transmit a modulated radio signal, owdulated 

with tag information, a certam number of times within a predetermined peiicxi 

of time following die reception of said received radio signal. 
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3. Detailed Description of Invention 

Related subject matter is disclosed in the following applications: 
U.S. patent application Ser. No. 08/504.188. entitled "Modulated Backscatter 
Wireless Communication System Having an Extraded Rajige," inventors James 
G. Evaas, R. Anthony Shober, Giovanni Vannuccl, and Steven A. Wilkus; U.S. 
patent plication Scr. No. 08/492.174, entitled "FuU Duplex Modulated 
Backscatter System," inventors John A. MacLdlan. R. Anthoiqr Shober, 
Giovasni Vamiucci, and Gregory A. Wrightj and U.S. patent application Ser' 
No. 08/492,173, entitled "Dual Mode Modulated Baclcscaaer System," 
inventors R. Anthony Shober, Giovanni Vaimacci, and Gregory A. Wright ' 

This invention relates to Wireless comlnuoication systcnis and. 
more particularly, to a wireless communication system using modulated 
backscatter technology, 
gfldtgrmnul oFtJif rnyenffoTi 

Radio Frequency Identification (RFID) systems are used for 
identification and/or trackmg of equipment, inventory, or Uving things. RFID 
systems are radio communication systems that communicate between a radio 
transceiver, called an Interrogator, and a min^r of inexpensive devices called 
Tags. The objectives of RFID systems are to design a reliable, secure, novel 
architecture and to minimize the total cost of the Interrogator and the Tags, 
while meeting the system peiformance requirements. In RHD systems, the 
Interrogator communicates to the Tags using modulated radio signals, and the 
Tags respood with modulated radio signals. Most commonly, this 
communication utilizes Time-Division Duplex (TDD) or Half Duplex 
techniques. FuU Duplex (FD) techniques are also possible, as disclosed in 
pending U.S. patent application Scr. No. 08/492,174, and are particularly useful 
where a fast response is needed. In a TDD system, after transmitting a message 
to the Tag, the Interrogator then transmits a Continuous-Wave (CW) radio 
signal to the Tag. The Tag then modulates the CW signal using Modulated 
BackScattering (MBS) where the aittenna is electrically switched, by the 
modulating signal, from an "open" to a "short" . 

Examples of prior art in MBS technology are described in U.S. 
patents 4,075,632 and 4,360,810. MBS systems typically utilize the amplitude- 
modulated techniques described above for cotnmunicatiotts from the Interrogator 
to the Tag, and utilize MBS for communicatians from the Tag to the 
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Interrogator. The MBS communications can utilize any conventional 
modulation technique. MBS systems are desired to operate successfully in the 
presence of multiple Tags in the Interrogator reading field. There are classically 
known tecfaniqaes (e.g.. Simple Aloba, Slotted Aloha) which allow mxiltiple 
devices to respond to a central communications device when each of those 
devices is not awaie of the preaencc of the others. This invention discloses 
improved methods for MBS systems to successfully operate with multiple Tags 
responding in an independei^ and simultaneoos manner, 
Siimmflry ftf the rnrentlon 

In accordance with the present invention, a novel Time Division 
Multiple Access (TDMA) duplex radio communlcatioa system conqirises an 
Interrogator which generates a first radio signal by modulating a first 
information signal onto a radio carrier signal. The loteirosator transmits the 
first radio signal to at least one lemole Tag of the syston. The remote Tag 
receives and pnxsesses the received first radio signal. Ttte remote Tag then 
modulates a second information signal onto a second radio cairier signal to form 
a second modulated signal. This second modulated signal Is then transmitted, in 
a time-slotted manner, back to the Interrogator. The remote Tag selects, or Is 
instructed, how many times it should repetitively transmit the second modulated 
signal and selects, or is instructed, oiver how many of the time slots following 
receipt of the first radio signal the remote Tag should repetitively transmit the 
second modulated signal. Other embodiments of this invention include the use 
of Modulated Backscatter to transmit &e second modulated signal, and the use 
of homodyne detection to demodulate the second modulated signal, A novel 
Frequency Division Multiple Access (FDMA) duplex radio communication 
system is also developed which utilizes multiple subcarrier frequencies; in 
addition a novel approach which combines the FDMA and the TDMA methods 
is also disclosed. A novel Code Division Multiple Access (CDMA) duplex radio 
communication system is also developed which utilizes multiple spreading 
codes; in addition a novel approach which combines the CDMA and the TDMA 
methods is also disclosed. A novel method for power control of the tag, using 
modulated backscatter, is also disclosed. Fuially, a method ibr the Interrogator 
to instruct iht Tag to dynamically alter the data rate of the second information 
signal is also disclosed. 
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RFID system applications differ greatly in the data rate 
requirements for the Downlink Onterrogator to Tag) and the Uplink (Tag to 
Intenogator) directions; they also differ greatly in other parameters, such as the 
number of Tags that may be located hi the reading field. For example, one 
class of applications involves using RFID technology to read information from a 
Tag affixed to a container or pallet In this application, the container is moved 
(by being pulled by a small truck) across the reading field of an Interrogator. 
The reading field is defined as that volume of space within which a successful 
transaction can take place. Since the Tag is moving through the reading fieki, 
the RFID system has only a limited amount of lime to successfully complete the 
transaction In this application, die Tag could be movii^ as &st as 10 
meters/second through the reading field. The reading field would consist of a 
roughly conical volume, extending 5 meters away fix)m the Interrogator, and the 
cone having an angle of roughly 60 degrees total spread (30 degrees to either 
side of a direct path &om the Interrogator to a point immediately in front of the 
Interrogator), Given this situation, the RFID communkations with each Tag 
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must be completed in less than about 0.2 seconds, Also, in this application, 
generally only a few (1-2) Tags are in the readins field at the same time. 

Another application example is to use RFID tags to traclc sacks of 
mail in a post office. In this example, the sacks of mail would be placed inside 
a large bin or container, and the bin moved through the reading field at a 
relatively low speed ^lerhaps 1-2 meters/second at most^ However, this 
application may have up to 50 or more Tags in the reading fidd simultaneously. 

In other tipplicatkms, llFID Tags may be attached to every item 
on the shelves of supermarkets, and these RHD Tags intcnogated as the 
shopping cart is passed uiidcr (or through) aa Interrogator reading field. In this 
applicatioa, fai beyond 50 Tags may need to be in the readii^ field. 

Other applications for RFID systems call for the Tags to le 
interrogated at distances significantly greater than 5 meters. To support this 
greater range, the Downlink and Uplink data rates are limited to maintain an 
acceptable signal-to-noise ratio at both the Tag and at liie Interrogator. An 
example of these alternative applications was discussed in pending V.S. patent 
application Ser. No. 08/504.188. entitled "Modulated Backscatter Wiieless 
Communication System Having An Extended Range," in which Tags were used 
as Electronic Shelf Labels to display correct prices on a supermarket shelf. 

Therefore, an object of the present invention is an RHD system 
that provides flexibility to allow a common RFED system design tq support these 
differii^g applleadons. To accomplish this, the RFID system of the present 
invention utilizes Modulated Backscatter technology diat operates with an 
Enhanced UplinJc. 

In this invention, we disclose how to enhance the uplink protocol 
and performance of an MBS system using any of three different multiple access 
schemes - Time Divtsioa Multiple Access (TDMA). Frequency Division 
Multiple Access <FDMA), and Code Division Multiple Access (CDMA). The 
information received by the Tag from the Downlink will be used to inform the 
Tag which variant of these multiple access schemes to use. 

With reference to FIG. 1, fliere is shown an overall block 
diagram of an illustrative RFID system uselul for describing the application of 
the present invention. An RFID Interrogator 101 communicates with a plurality 
of Tags (Tag 1, referred to as 102-1. through Tag N. referred to as 102-N. all 
collectively referred to aj 102) using radio communications. The Downlink 
Signal 103 is typically an amplitude modulated signal and it instructs the Tag 
102 in the specifics of the Uplink Signal 105 that it should return to the 
Interrogator 101. The Uplink Signal 105 is transmitted to the Interrogator 101 
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by the use of MBS. The details of the Uplink Signal 105 will be discussed 
below. In summaiy. the Interrogator 101, after having transmitted the 
Downlink Signal 103, then traiismits a CW Signal 104 to the Tag 102. Through 
the use of MBS, the Tag 102 can modulate and reflect this CW Signal 104 back 
to the Interrogator 101. 

FIG. 2 illiutrates how the Downlmk Signal 103 could be 
fonnatted. One primary purpose of the Downlink Signal 103 is to allow die Tag 
102 to achieve synchronization with the Interrogator 101. The Downlink Signal 
could contain a Synchronization Field 201, an optional Op Code 202, an 
optional Mode 1 indicator 203, an optional Mode 2 indicator 204, and other 
optional Mode indicatois (e.g.. 205). This fbnnattictg is illustrative of the 
genera! method. The Op Code 202 is treated here as a separate field. 
However, the Op Code 202 is more general; the Op Code 202 does not have to 
be in a separate field fixm the other portions of the Downlink Signal 103. For 
example, the Op Code 202 could be an integral part of the Synchronization 
Field 201, in the sense that (he tnts used for synchronization and the bits used 
for the Op Code could be intermixBd in any □Bnner; however the result of the 
Tag 102 receiving Has intermixed series of bits is dial bit synchronization is 
achieved, which is the objective of die Synchronization Field 201, and also that 
the Tag 102 can infer the Op Code 202 firom this iotermiied series of bits, 
Additionally, an explicit Op Code 202 could be optional in the sense that a 
particular implementatioa of the techniques disclosed below could be encoded, 
in some maimer, within the . Tags 102. In this case, the Tags 102 are 
programmed to respond in a fixed manner whenever they receive a 
Synchronization Field 201. In this esse, even though no explicit Op Codte 202 
is transmitted, an Op Code - that is, the instruction to execute a specilk 
operation - could be inq>Iied by the design of the system. 

The Synchronization Field 201 allows Tags in the reading field to 
achieve bit synchronization to the Downlink Signal 103. This ffeld is typically a 
set of repeating bit patterns. The best method is to send a PN or Barker code. 
The Op Code 202, whether it is explicit or Implicit, is the furxlamental control . 
parameter for the Tag. In a pending Application (OS/492,173) a technique 
similar to this is used for the purpose of ioforaiing the Tag which of two 
different Modes of operation to use for the Uplink Signal from this Tag. In diis 
inversion, an explicit Op Code 202 informs the Tag 102 which of a wide range 
of Uplink Signal 105 Modes should be used. Mode 1 (203) and Mode 2 (204) 
messages are sent to instruct the Tag what parameters to use for specific Uplink 
Signal 105 Modes. 
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Time Division Midtiple Access (TDMA) 

The most straightforward multiple access scheme to use is 
TDMA. In TDMA, the Downlink Signal 103 infonns all Tags in the reading 
field tliat tbey should respond (e.g.. with their IDentiflcation nmnber). After 
completloa of the Downlink Signal 103, the Tags 102 are able to respond with 
an Uplink Signal 105. In the classical technique known as Simple Aloha, the 
Tags 102 respond at randomly chosen times after the completion of the 
Downlink Signal 103. la the classical technique Slotted Aloha, the RHD 
system divides time after the completion of the Downlink Signal 103 into 
discrete Time Slots, as illustrated in FIG. 3. In this Figure, after the completion 
of the Downlink Signal 103, tune is divided into a finite number of Time Slots, 
typically of fixed length. The Uplink Signal lOS fsom the first Titg to respond' ■ 
let us refer to that response as Tag 1 Response (301) - is received in Time Slot 
3, where Time Slot 1 is the Time Slot in whitdi the Downlink Signal 103 is 
received. The Uplink Signal 103 from the second Tag to respond - referred to 
as Tag 2 Response (302) -- is received ui Tune Stot 5. In Time Slot 7. 
however, we find that Tag 3 Response (303} and Tag 4 Response (304) are both 
received - this is called a "oollision". The result of flw collision, ignoring 
capture eflBscts, is that neither Tag 3 Response (303) nor Tag 4 Response (304) 
iscoirectly received by the Interrogator 101. 

To mitigate this problem, a Poly Aloha Multiple Access (PAMA) 
method has been developed in accovdance with the present invention. An 
cxanqilc of PAMA is shown in FIG. 4. In this illustiadon, a "2 out of 12" 
PAMA is shown. By "2 out of 12" we mean die following: Downlink Signal 
410 is transmitted to all Tags in the reading field. This message instructs all 
such Tags to respond wfli their Uplink Signals 105 using a "2 out of 12" 
PAMA - i.e., the Op Code 202, explicit or implicit, indicates that PAMA 
should be used, the Mode 1 (203) parameter is "2". and the Mode 2 (204) 
parameter is "12". Note that after the Downlmfc Signal 410 shown ia FIG, 4 is 
sent, the Interrogator 101 then transmits CW Signal 411 so that the Tags 102 
can modulate and selectively reflect the CW Signal 411 back to the Interrogator 
101. Thus, the Tag Responses (e.g., 401) represent modulated reflections of 
the CW Signal 411; this techniqae is called Modulated Backscatter. For the 
remainder of this specification, it should be understood that the CW Signal 411 
may be utilized as the radio carrier signal for the Tag. Alternatively, if 
desirable, the Tag could contain a separate radio carrier signal generator. 

In PAMA, time is divided into time slots. whh:h are shown hete 
for simplicity as bemg of equal length. The Interrogator 101 transmits 
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Downlink Signals 103 within the duiation of one time slot; in this example, 
a Downlink Signal 103 is tiansBiitted regularly ewiy S time slots. This regular 
transmission is done because new Tags can enter the reading field at any time, 
and since those Tags may be moving rapidly (as discus&ed above), frequent 
Downlink synchronization messages are required to be sure a Tag is not 
Traissed". (Note that in an FD system, a synchronization signai may be 
available all the time.) The Mode 2 parameter (12 in this case) indicates that, 
after the Tag 102 receives the Downlink Signal (such as 410), it will transmit 
(using MBS) Mode 1 (i.e., 2) Uplink Signal 105 responses within the next 
Mode 2 (i.e., 12) available time slots. Note that Tnnc Slot 8 in FIG. 4 is 
occupied by Downlink Signal 420, so the Tags 102 wotild not consider that time 
slot to be available. The Tags would randomly select which two of die available 
12 Time Slots to use for their Uplink Signals 103. 

In the above, it was stated chat "the Op Code'2Q2 indicates that 
FAMA should be used." As discussed above, the Op Code 202 is an optional 
parameter which could be either explicitly iccloded or inferred based upon the 
system design. Thus, it would be possible for a Downlink Signal 103 to contain 
a Synchronization Field 201, a Mode I (203) pararneter, and a Mode 2 (204) 
parameter, hut no explicit Op Code 202; in this case, the Op Code 202 would be 
inferred by the system design as meaning "all Tags 102 that receive this 
Downlink Signal 103)sbould respond with an Uplink Signal 105 using the 
(Mode 1) out of (Mode 2) PAMA scheme. " Thus, the Op Code 202 could he 
implicit. However, m the case where a more complex protocol is desired, such 
as one in whidi you wish to instruct the Tag 102 to perform other fluictions than 
to transmit ttie standard PAMA responses, an explicit Op Code 202 is required. 

Therefore. PAMA, generalized to allow vari^I* "Mode 1" and 
"Mode 2" parameters determined by the Downlink Signal 103, constitutes a. 
general method to allow different types of RFID applications to use a common 
protocol. PAMA could be further generalized to allow the Downlink Signal i03 
to instruct the Tags 102 to modify what data is sent in the Uplink Signal 103, 
the length of time occupied by each Time Slot. etc. This could be 
accomplished by adding more "Mode N" parameters to the Downlink Signal 
103 m a straightforwaid extension of the Downlink Signal 103 illustrated in 
FIG. 2. 

The "Mode 1" and "Mode 2" parameters may be used in the 
following manner. RFID applications which have more Tags 102 in the reading 
field, and in which the Tags 102 are moving less rapidly, could use a larger 
"Mode 2" parameter - i.e., space the Uplink Signals 103 ferther out in time, 
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thus allowing more Uplink Signals 105 to be successfully received. RFID 
applications which have fewer Tags 102 inttie reading field, and in which the 
Tags 102 are moving more rapidly, could use a smaller "Mode 2" parameter - 
i.e., have Che Uplink Signals 105 received within a relatively short time period, 
thus allowing the Tags 102 to move mare rapidly. The Mode 1 parameter could 
be determined based upon the expected number and speed of Tags in the reading 
field, and based upon the selected value of "Mode 2*. in order to achieve a 
particular probability of successful uplink transmission. 

Another example of the PAMA method is now described. The 
Interrogator 101 could take measurements of the. signal strength and error 
characteristics of Uplink Signals 105 received durii^ specific Tinw Slots. If the 
signal strength is stroqg withm a certain Time Slot, but the error rate was high 
within that Time Slot, it might be reasonably ioimed that multiple Tags 102 
had each transmitted an Uplink Signal 105 within that Time Slot. If this event 
occurs often over a series of Tune Slots, it might be reasonably inferred th^ 
more Tags 102 are in the reading field than the ctjrrent values of "Mode 1 ' and 
'Mod« 2" can support. In that event, the Intmogator 101 could change die 
"Mode 1" and "Mode 2" parameters in the Downlink Signal 103; perhaps 
instructing the Tags in the rcadmg field to space their Uplink Signals 105 over a 
longer series of Time Slots (i.e., increase "Mode 2"). It may also be found by 
simulatioii or experimentation that changes hi "Mode 1" could be of assistance 
in this regard.' Using this technique, the PAMA technique can be dynamically 
ad^ed, based on the characteristics of the number of Tags 102 m the reacUng 
field. 

The PAMA technique descnbed above can be further generalized 
to allow the Interrogator (101) to send a command and/or data to a particular 
Tag 102; this can happen in the following maoner. The Op Code 202 can direct 
the Tags 102 to respond with their identiflcatiaa number using the PAMA 
technique as discussed above. The Op Code 202 could alternately direct the 
Tags 102 to not immediately respond. This fs shown in FIG. 5. The 
Interrogator 101 sends Downlink Signal 510 to all Tags 102 in the reading field. 
The Op Code 202 in Downlink Signal 510 commands all Tags 102 to listen and 
to not transmit any Tag Responses (e.g., 401) until the next Downlink Signal 
520 is received. The Interrogator 101 then transmits a Tag Address 501) 
indicathjg the identification number of a specific Tag 102 with which it wishes 
to communicate. After the Tag Address 501, a Tag Command 502 is sent to 
that Tag 102, indicating what operation the Interrogator 101 is directing that 
Tag 102 to perform. Then, optional Tag Data 503 is sent by Inlerrogator 101 to 
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the Tag 102; this optiotial field contains data the Interrogator wishes this Tag 
102, for example, to store in its Icxal memory. FIG. 3 shows the Tag Address 
501 requiring two Time Slots to transmit, and the Tag Command 502 requiring 
one Time Slot to transmit, and the Tag Data 503)requiring two Time Slots to 
transmit; these choices were made for illustrative purposes only; in an actual 
implemeixatioa the length of time required to tcansmit each of these three 
transmissions (501, 502, or 503) could be less than or more than the number of 
Time Slots shown in FIG. 5. The actual number of Time Slots, or whether 
some or all of these transmissions (501, 502, or 503) could be sent together 
within a single Time Slot, would depend on the length of one Time Slot, the 
Downlink data rate, the number of bits m each of these transmissions (501, 502, 
and 503), etc. It is also possible, referring again to FIG. 5, for some or all Of 
the Downlink Signal 510, the Tag Address 501, the Tag Command 502, and the 
Tag Data S03 to be transmitted within a single Hme Slot; as mentfoned befoi«, 
this is determioed by the length of the Time Slot, the number of bits in each 
field TO be transmitted, and the Downlink bit rate, etc. 

Therefore, a particular Tag 102 could be sent a specific message 
containing an operation and specific data destined for that Tag 102. It should be 
obvious at thh point that (be protocol could be extended to allow more than one 
Tag 102 to receive a specific message containing a dif^ient operation and data, 
assuming the Downlink data tranunission rate was sufficiently large and the 
number of bits of information in transmissions (501, 502, and 503) were 
sufficiently small such that communications to more than one Tag 102 could 
take plaix within the time period of Time Slots 2-7 of FIO. 5. 

At Time Slot 8 of FIG. 5, the Interrogator sends Downlink Signal 
520, which cotdd request all Tags 102 in the reading field to respond with their 
identification numbens. Alternately, the Interrogator 101 could send 
Downlink Signal 520 to request all Tags 102 in the reading field to listen for 
aoother Tag Address 501. Tag Command 502, etc.; this would be done in Qie 
event that the Interrogator 101 desires to transmit a command and/or data to 
another Tag 102. 

Let us assume that the Interrogator 101 has transniitted a Tag 
Address 501} Tag Conuoand 502, etc., and let us further assume that the 
operation indicated by the Tag Command 502 instructs the addressed Tag 102-1 
to perform some fonction (e.g., store data transmitted within the Tag Data 503 
field), which does not require the Tag 102-1 to transmit any data back to the 
Interrogator 101. However, even if no data is to be transmitted back to the 
Interrogator, the Tag 102-1 should transmit an acknowledgment indicating 
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succcssfiil receipt of the previous conraiand {i.e., that the gonunand was 
IcEititnate, that the entire message was received error free, that the command 
was successfuH/ executed, etc.). Thus, after successftil receipt of the previous 
message, the Interrogator 101 would transmit another Downlink Signal 103 
insttucting all Tags 102, including Tag 102-1. to respond with their Uplink 
Signals 105 using the PAMA technique described above. Tag 102-1 would 
include within ib Uplink Signal ICS a Tag Ack 604 (described fiuther below) 
tndicatiug successful receipt of the previous message. If Tag 102-1 does not 
receive the previous message corrertly (I.e., in an error free manner), or if it is 
otherwise unable to execute the Tag Command 502, the Tag 102-1 would 
Uanarait an Uplink Signal 105 with a Tag Ack 604 indicating this Tag 102 did 
not lake any action based upon the pievioiu message. All otber Tags 102 
woukl also transmit an Uplink Signial 105, using the PAMA technique, with a 
Tag Ack 604 indicating that this Tag 102 dkl not take any action based upon 
the previous message. Thus, given this technique, the Tag 102-1 has 
acknowledged die previous message, and the normal PAMA scheme has begun. 

The PAMA technique described above can be -further generalized 
tc allow the Tag 102 to respond with data other than the data with which it 
normally tesptxids during a Tag Response (e.g., 401). Using the above 
techniques, a Tag 102 could be tnosmitied a specific Tag Address 501. Tag 
Cotmnand 502, and optioiial Tag Data 503. We note that the above technique 
could be used to send a specific Tag Cotmnand 502 to one, more than one. or 
all of (he Tags 102 in the radio Odd. Hie Tag Address 501 field could ideBtiiy 
a single Tag 0.e., 102-1). or could idendiy a set of Tags 102 in the reading, 
field (e.g., all Tags 102 which represent cargo containers of a common type), or 
the Tag Address 501 could identify alt Tags 102 in the reading field. For 
simplicity, we will assume that oidy one Tag (Tag 102-1) was identified by the 
Tag Address 501. This Tag 102-1 is thus instructed to cany out the operation 
indicated by the Tag Command 502. 

To illustrate a specific embodiment of the above techniques, HG. 
6A and HO €B show how the Tag Responses (such as 401, 402, etc.) could be . 
formatted. FIG. 6A shows die Uplink Signal 105 that the Tags 102 would use 
for a "normal" PAMA response. This fonnar would be used in the event this 
Tag 102 was not previously addressed by a Tag Address 501 field. This format 
would also be used in the event this Tag 102 was previously addressed by a Tag 
Address 501 field, but for aiiy reason (as discussed above) this Tag 102 was 
unable to successfully complete the Tag Command 502. The Uplink Signal 105 
response would begin with a Sync Signal 601 (to allow the Interrogator 101 to 
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properly achieve bit synchronization to this Uplink Signal), then contain a Tag 
ID 602 9a unique number indicating the identification of thtj Tag), then contain 
Optional Data 603 (which would contain any data stored on the Tag 102 that is 
always transmitted to the Intetrogator 101 together with die Tag ID 602), then 
contain a Tag Ack 604 Ccootaining "Negative Acknowledgment"), and then 
contain an Error; Detect and/or Correct 606 (to allow tf» Interrogator 101 to 
validate the accuracy of and/or correct the received Uplink Signal). 

If a Tag 102-1 has previously received, immediately before the 
last Downimk Signal 520, a Tag Address 501, Tag Conunand 502, and 
optionally Tag Diila 503, and the Tag Conmiand S02was successfully executed, 
then that Tag 102-1 would respond as shown ia FIG. 6B. This response is 
essentially identical to the response shown in FIG. 6A discussed above, except 
that the contents of the Tag Ack 605 would be a "Positive Acknowledgment". 
The use of 'Positive Acknowledgment" m the Tag Ack 604 field would 
indicate successful execution of the Tag Command 502. It should be noted diat 
"Poskive Acknowledgment" is a general response which could be encoded in 
any maansr (e.g., "Positive Acknowledgment" as a "1" aisl "Negative 
Acknowledgment" as a "0"). Thus, the Tag Responses shown in FIG. 6A and 
in FIG. 66 could be of identical length atxl format, and could be transmitted to 
the Iittcnagator 101 using ttin PAMA technique discussed above (l.e. , these Tag 
Responses are sent "Mode 1" times over the next "Mode 2" available Time 
Slots), where the "Mode 1" and "Mode 2" parameters are transtnitted by the 
Interrogator 101 during Downlink Signal 520. 

It should be noted thatHG. 5 shows the Interrogator 101 sending 
Downlink Signal 520 during Time Slot 8. Since the Tag Data 503 was 
coinplBted during Time Slot 6, the Interrogator cookl have chosen to begin 
Downlink Signal 520 during Time Stot 7 rather than 8. Thus, if the Tag 
Address 501, Tag Command 502 and Tag Data 503 fields do not require many 
Time Slots, the next Downlink Message 520 can proceed as soon as possible to 
allow as many transactions to proceed in as short an overall time period as 
possible. 

One application of die above protocol is if a Tag 102 is identified 
as being in the reading field, and die Interrogator then wishes to instruct that 
particular Tag 102 that it does not wish it to fiffther respond. This could occur 
in the evei}t that a Tag 102 remains in the readii;g field indefinitely, and 
respondmg condnuously; unless the responses are halted, the battery in the Tag 
102 could run down. Therefore, it would be helpftil for the Interrogator to 
recognize that a particular Tag has successftilly acknowledged, and is continuing 
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to acknowledge, and request that Tag to cease further responses (perhaps for a 
specific time duration), This could be accomplished by the Interrogator 
transmitting this Tag's Address 501 and a Tag Command 502, as shown in FIG, 
5, where the Tag Comniand 302 instructs ttds particular Tag (Tag 102-1) to 
cease further responses. Another use for this same technique would be for the 
Interrogator 101, once it received an Uplink Sigml 105 from a specific Tag 
102-1 and therefore identified tins Tag 102-1 as being in the reading field, could 
instnict this paiticular Tag 102-1 to cease further responses. This would allow 
the reaiainder of the Tags 102 in the reading field to concLaue tespondiiig 
according to the PAMA technique discussed above, but with a latger profaahility 
of having the Intenogator 101 receive their Uplink Signals ICS without a 
collision. Therefore, usiqg this technique, PAMA cxxild sufspoit even more 
Tags in the reading field. 

As discussed above and as shown in FIGs. 6A, SB, the 
Interrogator lOlcoild request that the Tag 102 transmit data to the Interrogator 
other than the Tag ID 602 and the Optiooal Data 603 that the Tag 102 nonnally 
transmits during a Tag Response Signal. Such an exchange coold occur in the 
Mowing manner, showu in HO. 7. In FIO. 7, tic Interrogator 101 transmits 
a Downlink Signal 710 to Hie Tags 102 in the reading field with the Op Code 
202 in the Downlink Signal 710 set tc "Listen" (i.e., retjuesting Tags 102 not to 
respond as per the PAMA technlqne, but rather to Listen for a Tag Address 
701, inunediately followiitg the Downlink Signal 710, to determine if this Tag 
102 is specifically addressed). The Interrogator 101 Hien transinils the 
Tag Address 701, Tag Command 702, and (optionally) Tag Data 703 to a 
specific Tag 102-1 . The Tag Conunand 702 instructs this Tag 102-1 to transmit 
a portion of, or all of, its data (whicb conid be data stored m the memory of the 
Tag 1 02-1, or data collected £[om sensors or odier communicatioiis devices 
connected to the Tag 102-1, etc.). The Xaterrogator then transmits Downlink 
Signal 720 instructing the specified Tag 102-1 to respond with the data 
requested by the Tag Command 702, to not use PAMA for tliis Address Tag 
Response, but to begin traiismitting thu Tag Response inunediately aiiter 
complettoa of Downlink Signal 720. The Op Code 202 in this Downlink Signal 
720 also instructs all Tags in the reading field other than Tag 102-lto not 
respond until another Downlink Sigiml 730 is received. The Address Tag 
Response 704 could have the format shown in FIG. 6C. The Address Tag 
Response 704 can be as long or as short as needed (based upon the amount of 
data required, the data rate, etc.). After the Address Tag Response 704)iias 
been completed (shown in HG. 7 as lasting until imd-way through Time Slot 13 
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- obviously this could take either less time or more time depending oq abave- 
mcntioncd factors), the Inierrogator 101 recognizes {by successful receipt of the 
Sync Signal 601, Tag Data 605, and Error Detect And/Or Correct 606) that the 
Address Tag Response 704 ius been completed, and die Interrogator can then 
begin transmitting the next Downlink Signal 730. shown in FIG. 7 as during 
Time Slot 14 (note tbat there vas do need to wait until Time Slot 16, as all 
Tags 102 other than Tag 102-1 are waiting Ibr the next Dowoliok; Signal 730. 
This Downlinic Signal 730 could instruct all Tags 102 in the reading field to 
respond with their T3g Response Signal (FIG. 6A); i.e., the Op Code 202 of the 
Doiviilink Signal 730 would be *PAMA Respond". 

Given the above, it should be apparent that aU required building 
blocds for full two-way communication exist. Initially, the Interrogator 101 
wishes to determine which Tags 102 are in the reading field. Therefore, the 
Interrogator 101 transmits Downlink Signal 410 requesting any Tags 102 in the 
reading field to respond using the PAMA multiple access scheme. The T^gs 
102 will then respond as shown in FIG. 4. The Interrogator tien knows the Tag 
ID'S of die Tags 102 in ibe reading field. Asswne that the Inlernigatar 101 
desires to transmit data to a particukr one of those Tags, Tag 102-1. and also 
wants to receive data ftora Tag lOZ-I. Then, the Interrogator 101 transmits 
Downlink Signal 510 with the Tag Address 501 being the same address as that 
received as the TagID<502 Tag 102-1. This allows Tag 102-1 to be informed 
that a command and data is being sent to it <ia the foim of Tag Command 502 
and Tag Data 503), and commands all Tags 102 to listen and see if their Tag ID 
matches tbe Tag Address 501. Then, the bitenogator sends Downlink Signal 
520 which requests T^ 102-1 to transmit a T^ Response Signal as shown in 
FIG. 6C. Aflar the Interrogator has received the Tag Response Signal shown in 
FIG. 6C, the Interrogator can then send Downlink Signal 730 to begin the 
process agaia 

A variant of the above win allow more Tags 102 in die reading 
fiehl. The Interrogator 101 transmits Downlink Signal 410 to request that Tags 
102 in the reading field re^nd as per FIG. 6 A. The Interrogator then leams 
the Tag ID 602 of all. or some, of the Tags 102 in die reading 0ekl. The 
Interrcjgator 101 then transmits Downlink Signal 510, with Op Code 202 being 
"Listen", and then transmits Tag Address 501 and a Tag Command 502, which 
mforms a particular Tag (102-1) that it sJKwid cease any responses until a 
Downlink Signal 510 is transmitted with an Op Code 202 of 'acar. PAMA 
Respond", which requests all Tags 102 in the reading field to respond even if 
Uiey had been prevfously directed to be silent. In this manner, Tag 102-1 is 
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caused to be silent, thus increasing the probability that all Tags 102 can be 
received. This procedirc caa be continued, with naore and mote Tags 102 
being directed to cease any tc^jquscs. until all Tags 102 in the reading field are 
identified. 

Finally, it may be helpful for the Interrogator 101 to know the 
PAMA partem selected by a particular Tag 102. For example, for a "2 out of 
12' PAMA, the PAMA pauem is the sequence "4, 10", in the sense that the 
two responses are transmitted in allowable time slot numbers 4 and 10 (see Tag 
I Responses (401, 403) in FIG. 4). This infbnnation could be valuable to the 
Interrogator 101 in supportiiig 3 larger number of Tags 102 in the reading field 
1^ avoiding collisions. Assunic that the Inrenogator 101 has identified . a 
particular Tag, 102-1, as being in the reading field, but the Interrogator 101 
wanes to know the PAMA pattern of this Tag 102-1. The Interrogator 101 
transmits Downlink Signal 510 widi Op Code 202 of "Listen", This command 
instructs all Tags 102 to listen for foHovrng messages. The Interrogator 
101 then transmits a Tag Address 501 (whose address is die address of Tag 102- 
1), a Tag Command 302 (wl»re the command instructs this particular tag to 
respond with data including its PAMA pattern), and optionally transmits Tag 
Data 503 (in the event the Interrogator lOX also wishes to send data to Tag 102- 
1). This Tag Command 502 instructs Tag 102-1 to tranamit a Tag Response 
Signal 520, containing its PAMA sequence within the Tag Data 605 field, as 
shown in FIG. 60. After the biteirogator has received diia Tag Response Signal 
(e.g., 401}, the Interrogator can then scud Downlink Signal 730 to begm the 
process again. 

Frequemy Division Mattipie Access (FDMA) 

In the TDMA approach outlined above, time is divided into a set 
of Tiinc Slots and Tag Responses (such as 301) are transmitted in various of the 
Time Slots- Another approach to this problem is for the Tags 102 to respond to 
the Downlink Signal 103 using different fireijuencies. Usii^ MBS, this could be 
accomplished as illustrated ia FIG. 8. The Interrogator 101, after having 
transmined Ibe Downlink Signal 103, would then transmit the CW Signal 104 to 
the Tags 102 in the reading field. Referring to FIG. 8, denote the CW Signal 
104 as being at RF frequency f, . The uplink frequency in FIG. 8 is shown at 
eiiher frequency (f, +f,), ^f^ +f,), or (f, +f,). The frequencies f, , f,. or f, 
are refferred to. as Subcarrier Frequencies, as they represent offsets from the RF 
CW Signal 104 at frequency f, . HG. 9 shows an illustration of 1 block 
diagram fbr a Tag 102 with the capability to synthesize multiple uplink 
frequencies. The following illusttates how the subcarrier frc<}ucncies f, , f, . or 
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could be created. The Frequency Synthesizer 906 illustrates a general 
method to synthesize one or more Subcarrier 908 frequencies. Given a single 
frequency source, and program controllable divider circuits or a PLL-based 
frequency syntbesizer, the Frequency Synthesizer 906 could, under control of 
the Processor 905, synthesize more than one Subcarrier 908 frequency; thus this 
technique could synthesize the Subcarrier Frequencies , f, , and f, . 

The Tag 102 could detennine, perhaps randomly, which 
Subcarrier 908 frequency to use. Alternately, the Downlink Signal 103 could 
contain informatioQ -perhaps using additional "Mode" parameters (205, etc.) - 
to direct the Tag 102 as to which Uplink subcarrier frequency to use. Once the 
Tag 102 has determined the Subcarrier Frequency to use, the 
Dctcctor/Modul^or 902 can send (for example) the Tag 1 Response (401) back 
to the Interrogator, Any of several coaventioiial modulation schemes could be 
used to accomplish this transmission. For exanplc, the Subcarrier 908 
frequency, once selected, could be used as a "carrier", and the data contained in 
the Tag 1 Response (301) could he modulated onto the Subcarrier Frequency by 
the Data Modulator 907. This moduMon would commonly use Fhase-Shifr 
Keying (PSK), but could use other modulation schemes as well. Therefore, die 
Tag 102 could transmit its UplinJc Signal 105 using one of {potentially) any 
number of different Subcarrier Frequencies (the three Subcanier Frequencies 
discussed above being only one embodimeat), using PSK DKKlulation of the 
actual data. 

To allow multiple Tags 102 in the reading field at one time, 
the Tags 102 could, for example, randomly select one of the available 
Subcarrier Frequencies and transmit their Uplink Signals 103. Alternately, Tags 
102 could use a combination of the FDMA technique discussed here with the 
TDMA PAMA technique discussed above. For example. Tags 102 could be 
directed to respond with their Uplink Signals 105 in (Mode 1) Time Slots out of 
the next (Mode 2) available Time Slots, with the Time Slots to use being chosen 
randomly, and with the Sabcarricr Frequency to use also being chosen 
randomly. In that manner, additional degrees of freedom are provided which' 
would allow more Tags 102 to be in the reading field at the same time and still 
be reliably identified. Another alternative would be for die Tags 102 to be 
identified using the TDMA PAMA technique outlined above; dien, particular 
Tags 102 could be directed to respond with an Address Tag Response 704 using 
different Uplink Subcarriers, thus allowing more than one Tag 102 to respond 
with an Address Tag Response 704 at the same time. 
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A specific example of the above is as follows. The IntBirogator 
101 transmits a Downlink Signal 410 to all Tags 102 in the reading field. The 
Tags 102 respond nsing PAMA as discussed above. All of the Tags 102 
respond using the same Subcarricr 908 frequency; this could be built 
permaneatly Into the Tag 102 linnware, or, for example, the Tags 102 could be 
instructed by the Interrogator 101 to all respond oa the same Subcairier 908 
frequency by the Op Code 202 received within the Downlink Signal 410. Then 
the Interrogator 101. based upon the information contained within the Tag 
Responses (401, 402, etc.), could decide that it virishes to request data from a 
particular Tag (102-1) in the reading field. The Interrogator 101 then transmits 
another Downlink Signal 710 (whose Op Code 202 instructs all Tags 102 to 
"Listen") followed by a Tag Address 701 and a Tag Command 702, instructing 
that specific Tag 102-1 to transmit a particular set of data back to the 
Interrogator 101. Then, the Interrogator 101 transmits anodicr Downlink Signal 
720. The Op Code 202 of this Downlink Signal 720 instnicts the specific Tag 
102-1, whose ID matched diat transmitted in the Tag Address 701, to respond 
with an Address Tag Response 704 (see FIG. 60 for details); and it also 
instructs all other Tags 102 in the leadiqg field to respond using "normal" 
PAMA with their Tag N Response (401, etc.) messages. However, the 
Address Tag Response 704 would be transmitted by Tag 102-1 using a 
different subcarrier frequency that that used for "normal" PAMA Tag N 
Responses (401, etc.). The faa that Tag 102-1 uses a specific Subcarrier 908 
frequency could be pemianently built into the Tag, or it could be instructed to 
do so by the Interrogator through information contained in the Tag Command 
702 or in the Tag Data 703. Thus, in this manner, the Interrogator could 
continue, in a relatively unhindered manner, to receive bodi Uplink Signals 105 
(Tag N Responses (401, etc.) from Tags 102 other than Tag 102-1 using one 
Subcarrier 908 frequency, and to receive data (an Address Tag Response 
704) from Tag 102-1 on another Subcarrier 908 frequency. 

In the above cases, the selection of Subcarrier 908 frequencies 
should be made with care. In pending applicatioa Ser. No. 08/504,188, it is 
disclosed that MBS systems have nujdulated reflections from a wide variety of 
mechanical and electronic equipment. Thus, ia general, the Subcarrier 908 
frequency must be large enough to avoid such noise - at least above 10 kHz, 
preferably above 100 kHz, and ideally as great as 500 kHz or more. 
Furthermore, in the case that multiple Tags are responding simultaneously on 
different Subcarrier 908 frequencies, the different frequencies must be 
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adequately separated such that tiie data bandwidths can be transmitted without 
interfering with each other. 

For the Interrogator to demodulate responses received on 
different Subcarrier 908 ftcqueacies complicates, somewhat, the Interrogator 
design but is not difficult in practice. A/D converters and Digital Signal 
Processing (DSP) techniques could be used to sample the demodulated signal in 
the Interrogator 101; the A/D convnters would have sampling rates high 
enough to support the lushest Subcarrier 908 frequency that Tag 102 could 
support. The DSP could then perfiarm a Fourier analysis to recover data from 
the multiple Subcarrier Frequencies. 
Code Division Multiple Access (CDMA) 

CDMA is a multiple access protocol that IevoIycs using Direct 
Sequence Spread Spectnun (SSSS) modulation, applied to both the Dowmliolc 
and to the Uplink. Each "mobile* (or Tag 102 in diis case) is assigned a unique 
spreading code; this allows the mobile and the base to differentiate the 
communications from one mobile or the other by decorrelating the incoming 
sign^ using the unique spteadh^ code. CDMA is usually considered to be a 
complex multiple access protocol because of the decorrelation operations liiat 
must be perfoimed, as well as complex timing and power management issues. 

We should first differentiate between the use of Direct Sequence 
Spread Spectrum (DSSS) as a Modulation scheme and the use of CDMA as a 
multiple access scheme. There may be benefits to RHD applications to use 
DSSS even if CDMA is not used, For example, it may be desirable for 
either the Downlink Sigoal 103 or the Uplink Sigiial 105 to be spread (i.e., to 
use DSSS Modulation). The noisc/interftrent* environment may be "bursty" m 
the sense that the noise is of short time duradon relative to the length of a 
Downlink Signal 103 or an Uplink Signal 105. Or the multipath environment 
may be such that there are deep nulls, with temporal widths small in 
comparison to the length of a Downlink Sigiral 103 or an Uplink Signal 105, Ta 
either case, DSSS Modulation, assuming there is adcipiate processing gain, may 
be helpfiil in defeating this type of noise and/or multipath. If the noise is 
broadband, or has Gaussian characteristics, then it is unlikely for DSSS 
Modulation to be helpful. 

Thus, we now consider how CDMA could be applied to an RFID 
system. In the Downlink, let us consider an RFID system implemcntadon in 
which all Intciiogators widiin rattge of each other arc transmitting the same 
information in a time synchronized manner or, equivalently, that the 
Interrogators arc sufficiently spatially separated such that their signals are 
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independent. Then, the use of CDMA in the Downlink is essentially the same 
as using DSSS modulation in the Downlink; we have already discussed under 
what conditions this could be of benefit. One disadvantage of tliis approach is 
that the Tag 102 would have to peiform a decorreiatioa function to retrieve the 
Downlink Signal 103 data from the spread Downlink message; thus, the 
Processor 905 in the Tag 102 would have to operate at (the length of the 
spreading code) times faster than the actual data rate of the Downlink Signal 
103. The faster the Processor 905 operates, the more power that processor 
consumes, thus reducing the lifetime of the Tag 102 (which typically has a small 
non-replaceable battery). 

To use CDMA for the Uplink, different DSSS spreading codes 
are assigned to different tags; thus, the advantage of CDMA for the Uplink is 
that multiple Tags 102 could send their Uplink Signals 103 at the same time. 
The implementation of this may not be complex. For example, assume that the 
Processor 905 in the T^ 102 operates from a fixed frequency clock of 4 MHz, 
Hie Processor 905 can then create, using software, a subcarrier of perhaps as 
much as 1 MHz. where the maximum frequency subcarrier is dependent on 
Processor architecture and uistruction set. Alternately, a subcarrier frequency 
could be synthesized in hardware usti^ a crystal oscillator and frequency divider 
circuits; this method could allow a higher subcarrier frequeacy to be 
synthesized than would be possible using software in the Processor 905. 
Using the techniques discussed above, the subcarrier could be used as a carrier 
upon which the spreading code could be modulated, to form a spread subcarrier, 
and the data for the Uplink Signals 105 could be modulated upon this spread 
subcarrier. The Interrogator would then perform the dccorrclation for the 
spreading codes being used at this tune. If CDMA is used for all Uplink 
Signals 105, then the Interrogator a priori will not know which Tags are in the 
reading field, and will therefore have to perform a decorrelatlpa on all possible 
spreading codes (wliich couU be a complex task, depending on the number of 
spreading codes used). The length of the spreading coda used, and thus the 
amount of "coding gain" achieved, is based upon the ratio of the ma?dmum 
encoded subcarrier the Tag 102 can generate (1 MHz in the above example) 
and the data rate of tfce Uplink Signal 103. For example, if the data rate of the 
Uplink Signal 105 was 10 kbps, then the spreading code could be of length 
roughly lOO, leading to a processing gain of roughly 19 dB. 

To implement CDMA for flie UpUnk Signals 103, the Tags 102 
would be assigned spreading codes, or they could choose the codes randomly at 
the time they receive the Downlink Signal 103. The Tags 102 would then 
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respond wiih iheir Tag Response 401 as was showa above for PAMA; however 
the Tag Response 401 for a particular tag would use a specific spreading code. 
Since the actual data rate for the Tag Response 401 could be unchanged, the 
responses which took one Time Slot above to cotnplcte would stiU require the 
same one Time Stot to complete in the COMA Uplink case. However, multiple 
Tags would be acloiowlcdging during one time slot. 

In order to keep the complexity of the decorrelation in the 
Interrogator 101 to a manageable level, it may be necessary to limit the total 
nutaber of uplink spreading codes in use within the entire population of Tags 
102. In lihis case, the Tag 102 could, for example, choose the spreading code 
randomly cither at Tag initialization time or at the time a Downlink SignaJ 1Q3 
is received. However, that would mean that it is possible for more than one Tag 
to be responding ac the same time using the same direct sequence spreading 
code, and thus the Interrogator could not successfully decorrelate those signals. 
In that eveitt, it may be beneficial to combine the use of CDMA for the Uplink 
Signals together with the TDMA FAMA scheme discussed above. 
Concepmally, this is the same as discussed above by combining FDMA with the 
TDMA PAMA. The PAMA scheme could Donction as described above; 
however, the Tag Responses 401 wofuld be spread usiqg a randomly chosen 
spreading code. This would allow more Tags to be in the reading &ld at one 
time and still be identified; or it could allow the same nundier of Tags 102 to le 
in the reading field, but to identic diose tags ui fewer Time Slots (smce you are 
trading Time Slots for coding space). Other permntations are also obvious, 
based upon the nimibet of Tags, amount of coding, etc. 
VpUnk Power Coativl 

One important issue in radio commnnications systems, and 
especially in CDMA systems, is power control of the mobile units. The 
problem is basically the classical "near/far" problem, where mobile units close 
to the base station will be heard by the base station at a much greater power 
level than mobile units far from the base station. Some CDMA systems use 
power control systems that have the base station monitor the strength of 
returning signal from various mobiles, and instruct those mobiles whose signals 
are received strongly to reduce that md>ile's transmit power down to a 
predetermined threshold value, .where that threshold value was determined to be 
the tninunum power required to achieve a desired signal-to-noisc ratio. la 
modulated backscatter systems, an incoming CW Signal 104 is received by 
the Tag 102. and the CW signal is modulated and reflected by the Tag 102 using 
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ntodulatod baclcscattcr. It would seem that modulated baclucattcr would have no 
mechanism for power control. 

One possible implementation of the Detector/Modulator 902 in 
FIG. 9 involves the use of a siogJc microwave diode as a detector and also as a 
modulator. FIG. 10 shows oot possible embodiment of a single diode as 
detector and also as modulator. la this in^Iementatlon, the diode has three 
states, based upon the amount of Modulation Quieot 1030: "opea", "matched", 
and "shorted", depending on the Modulation Current 1030. (It should be noted 
that classes of diodes exist such as Zero Bias Schottky diodes in which no 
Modulator Current 1030 is necessary for the correct operation of the Diode 
1020 as a detector.) The "state' that the Diode 1020 is in influences tix 
reflection coefGdenl of the Antenna 1010. Assume that the required 
Modulation Cuneiu 1030)required to achieve the "shotted" state is t, . Then, it 
has been fouod that the use of a Modulation Current 1030 less than i, will allow 
MBS communications to still take place but hi a degraded fashion, in the sense 
that the "loss" the Tag 102 injects into the link budget increases as i, decreases. 
The reduction in i, effectively causes the reflection coefScient of the antenna to 
decrease, thus decreasii^ the amount of reflected signal. Therefore, a Tag 102 
with the capability of dynamically changing ttie amount of Modulation Cunent 
1030 applied to the Modulator Diode 1020 could reduce the received signal 
strength of the reflected signal at the Interrogator 101, 

It should be obvious iiom the above discussion that the general 
technique beirtg ^lied here is to electronically "de-tune" the impedance match 
between the Antenna 901 and the Detector/Modulator 902. This "de-tuning" 
will allow <he signal strengtli (rf tiie reflected signal to be decreased by 
decreasing the Anteima 901 reflection coefficient. Even if the Modulator 
element m 902 is not a diode but, for example, an FET or a more conqjlex 
circuit, the same prioctples apply. 

It should also be obvious that the above technique could be 
applied to any of the TDMA, FDMA, or CDMA methods discussed above. 
Variable Uplink Dm Rate 

In the discussion above, it has been implicitly assumed that the 
data rate of the Uplink Signal ICS is constant. It is possible for the Downlink 
S^nal 103 to instruct the Tag 102 to change the data rate of the Uplink Signal 
105. For example, consider an embodiment based on FIG. 9. In this 
embodiment, a Frequency Synthesizer 906 is used to create a Subcarrier 908. 
This Subcarrier 908 is used as the "cairicr" upon which data is modulated by 
the Data Modulator 907. Note that the data rate of the data modulated by the 
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Data Modulator 907 is no: related to the specific Subcarrier 908 frequency, with 
tlic exception that die Subcarrier 908 frequency toast be gieac enough so that 
cncHigh bandwidth is present to cany the data, and that the Subcarrier 908 
frequency is sufficiently far ftom the CW Signal 104 to tainimize noise. 

Therefore, it would be possible for the Interrogator 101 to 
instruct the Tag 102 to modify the Uplink Signal 105 data rate. This instruction 
could be done using the Op Code (202) and Mode (203. 204, etc.) parameters in 
FIO. 2. It should be noted that tbs Tag. as lotig as the Subcarrier 90S is large 
enough to support this data rate, as discussed above, the actual Subcarrier 908 
frequency need not be altered. This would be of great benefit in the design of 
tlie Interrogator 101. Consider the Interrogator anbodimem shown in FIQ. 11. 
The Radio Signal Soiiice 1101 transouts the Downlink Signal 103 and cW 
Signal 104>through the Ttammlt Antenna 1102. The Uplink Signal lOS is 
received by the Receive Antenna 1103, optionally amplified and filtered (not 
shown), and sent to a Homodyne Receiver 1104, typically an I&Q demodulator. 
The ou^ut of the Homodyne Receiver 1104 is the Subcarrier Signal 1107, 
which in theory fs the same signal (except for aonnal radio path distortioii£, 
noise, etc.} as the Subcarrier Signal 909 of FIG. 9. This Subcarrier Signal 
1107 is then sent to a Subcarrier Demodulator 1105, t>^[cally a Digital Signal 
Processor (DSP). Note that any filtering and amplification after the Receive 
Antenna 1103 is not dependent on the data rate of the Uplmk Signal 105. In the 
Subcarrier Demodulator 1105, a change in the data rate could be easily 
supported. If the Subcarrier 908 frequency were unaltered, or not altered 
substantially, the ability to alter the data rate of the Uplink Signal 105 would not 
be difficult to inqjlcment. la fact, such an ability would be possible even if the 
Subcarrier 908 frequency were altered; however such an implementation would 
be more difficult than if the Subcarrier 908 frequency were not significantly 
altered. Also, if the Subcarrier Demodulator 1105 were a DSP, the 
imptemenution of this capability would likely be straightforward. 

One possible way this capability could be utilized is as follows. 
The Interrogator 101 could monitor the signal quality and error characteristics 
of Che Uplink Signals 105, In the event that the Uplink Signals 105 are being 
received with an unacceptable signal-to-noise ratio, but if no evidence of 
Collistens (see HG. 3) are present, then a reasonable action the Interrogator 
could take would be to instruct the Tags in the reading field to decrease the data 
rate of the Uplink Signal 105. This would increase ±e "energy per bit" of the 
received Uplink Signal 105. As discussed above, using a DSP as a Subcarrier 
Demodulator 1105, the Interrogator 101 could also decrease the noise bairiwidth 
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within that DSP. It should also be noted that this technique of dynamically 
inixUfying the data rate of the Uplink Signal 105 could iw applied to either of 
the three multiple access methods discussed above: TDMA, FDMA, or CDMA. 

What has been described is merely illustrative of die applicatioa 
of the principles of the present invention. Other arrangements and methods can 
be implemented by those skilled in the art withoot departiog icom the spirit and 
scope of the present invention. 

4. Brief Description of Drawings 
In the drawing, 

FIG. 1 shows a block diagram of an illustrative Radio Frequency 
Identification (RHD) system; 

FIG. 2 shows one possible embodiment of the various fields 
contained wifliin a Downlink Signal; nsed in the RFID system of FIG. 1; 

HG. 3 siiows a Time Slot sequence used in conventional 
impiemenlBtions of the RFID. system of FIG, 1; 

FIG. 4 shows the Poly Aloha Multiple Access (PAMA) method 
used in the RFID system of FIG. 1; 

HG. 5 expands tic PAMA method sliown in FIG. 4 in which a 
specific Tag is sent a command and/or data; 

FIGs 6A • 6C furtha expand the PAMA method shown in FIG. 4 
to illustiate the various fbnns of a Tag Response; 

FIG. 7 farther expands the PAMA metliod shown in FIG. 4 to 
iUustrate liow the Tag Response shown in FIGs. 6A - 6C fits into the overaH 
PAMA structtire shown in FIG. 4; 

HG. 8 shows the relationship of multiple Uplink Frequencies 
used in the Uplink Signal shown in FIG. 1; 

FIG. 9 shows one embodiment of lie remote Tag shown in FIG. 

1; 

FIG. 10 shows one embodiment of the Detector/Modulator shown 

in FIG. 9; and 

FIG. 11 shows one cnftodiment of the Intenogator shown in 

HG. 1. 
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1. Abstract 

In accordance with the present invention, a novel Time Division Multiple 
Access (TDMA)dupIex radio communication system comprises an Interroator 
which generates a first radio signal by modulating a first information signal onto 
a radio carrier signal. The Interrogator transmits the first radio signal to at 
least one remote Tag of the system. The remote Tag receives and processes 
the received first radio signal. The remote Tag then modulates a second 
information signal onto a second radio carrier signal to form a second 
modulated signal. This second modulated signal is then transmitted, in a time- 
slotted manner, back to the Ihterrogator. The remote Tag selects, or is 
instructed, how many times it should repetitively transmit the second modulated 
signal; and selects, or is instructed, over how many of the time slots following 
receipt of the first radio signal the reniote Tag should repetitively transmit the 
second modulated signal. Other embodiments of this invention include the use 
of Modulated Backscatter to transmit the second modulated signal, and the use 
of homodyne detection to demodulate the second modulated signal. A 
Frequency Division Multiple Access (FDMA) duplex radio communication 
system embodunent utilizes multiple subcarrie- firequencies and another 
embodiment combines the FDMA and the TDMA methods. A Code Division 
Multiple Access (CDMA) embodiment utilizes multiple spreading codes; in 
addition, another embodiment combines the CDMA and the TDMA methods. 
A novel method for power control of the tag, using modulated backscatter, is 
also disclosed. Finally, a method for the Interrogator to instruct the Tag to 
dynamically alter the data rate of the second information signal is also disclosed. 



2. Representative Drawing 
Figure 1 . 



